werda, ati aeteteces: Wheib a Cee at 


st enalignn orieatek 1 “ett = Nomi 


AO ei ne ee satis oat ae ast AB ARON RS 


: ‘ € 
Rhee cag Be Sine RS es aie Minami tigie saci add Be lth ant Rb oA IR i dietin 3 RIGA OCAER Rat o * “IAN TRC nen Tag GAS RIE NE IP Ala ira eT eel Rent TR SD kL, AE OE EES PRA TE ee 9 Selatan a Bae me B8 cate ie 0 ES EE EEE Set ARN ee Pr he Ne he LE OIE LE LEN SRN a 
Y Mr Wieck dene Wan ee aa ee ae a 5 i no ern atenagtie Sing erin Rama reer ee Pa pees mn asrigtnnay ee ey Mae ms ne aa LD : 


| 
4 


"APPLICATION 
NEXT ASSY _ = USED ON 


11020089 | 3510 
q{ 1020090 | 8530 


Rute 


DAE wel BORGER ROR ABER! EK sot 


ERA ee ate 


F DIMENSIONS ARE IN INCHES 
i TOLERANCES ARE: 


f FRACTIONS DECIMALS ANGLES | 
PMATERIAL 


| = DO NOT SCALE DRAWING 


4 | fF ROT US a 


Sa NaS Ghee seta re Bank coed an 


PUNLESS OTHERWISE SPECIFIED [CONTRACT NO 


APPROVALS 


Bie oe ag) CO SER ee gg TR othe ee re a TSE a GRR Tn, COR Ee RUAN Gh Tee Bg it fli gi te et ee ee a R Pa 
sar % nek “ 8 Ro x aC Ee Ment iene»... “ 
hf an 


mR | DESCRIPTION DATE 
Vorb (76. 


en CRON MINT ReCc aE yi tas: 
APPROVED 


For Revisions See Sheet 2 


AP Te, 


. Sma otpates tie, 


2 
ane gs 
er 

ROS ig, 
OO 
™s 
Bh, es Alle te 
eRe oe Ses Some. i : 
4 tae e eh | 
et 
mee 
ee. 


” SUNNYVALE. CALI FORNIA 


PRODUCT SPECIFICATION 
MODEL 8500 DISC MEMORY 


Size | CODE IDENT NO. [DRAWING NO. 


g ‘ mine aeiamlasaicy AA PS NS SSI BN CON SR EOIN en CR EE Teg ER. eR E SS REECE PRE NGAP EE OOTP BCE AE LS SERGE ODE ESO ETRE R TE IE a WEBLO SE TE IIE TS LEGS OOM a ge IE NOR LET LY, LAGS REN SOON SIE RN TONE GML BBN Seige Chee eM TL STN La 
} BISHOP G RAPHICS/ACCUPRESS 
i & ¢ 


REORDER NO. A-7700 


WN anti ee mae 


EAS ger at Se Si eanan ta ere ig RA eat Bee ST EE eg are oe 


oa ne . ae — > a . “ thea he 
= To Mevenerns  seaatenanayirine anne Man 5m te att th ORR NMR ANN rar, core | CTRL STE A ROR ee SN RE ROE Ne he mney ee en PROBED nA GO ORT a pe do tet ee lan > shone ona AEE SE I CT AAI He 
; ° Ee aa eG ue eee . +. koe FP. the mosea acon LER eRe vee 


NNER A ar Oem veggie Camanprearpncnaemyneese FE, Sey ie, 


ele 


SRN tH APN SENT RE We SE RO asa ae aR Re SCL ET RE NE rere een 
3 a ewe ie ie s <3 


iat : 
See a 


SHEET 


SESS 


19 
AiAl 


| 


LALA 


PO 
a 
te 
rae 
pO 
B Lit 
7a) 
£O 
RCO 


ALALA 


ly errr. 


SIZE 
SCALE 


v 
a 
AL 


PAGE NUMBER 
iA 
i 


ELOOZS 


REORDER NO. A-7701 


2 RL RE ORG I INES RE 9 em 


OE FS TS Ian a PAYNE ph BOGS i MELON Star ENGR GENET Be 


(B) BISHOP GRAPHICS/ACCUPRESS 


— Rica NIATAR pS Sh es STAI, SAM alle Sse Aa ee OA aE ANGI TAGES RRO ES PISCE ae Cnc Go rpcenert terctmrarsctnd 


Te NT bee Re RE NE EEN IR On EBs 
3 ; y) 


Lo ait 
we Ee weenie yore Bocce 

‘: atone HE Anh op net PH RIOD mene e ELT Ch 1 EN GS ONO BEC TAINS ae eet ee pl eee ee te 

a. San Rt REE ET RRR RR Go Rt RIE i RT NE EE RI AS Tk IE RS a SER TIES EARS SOI I ARE eR SEARS te, DOE MS AEE TB pe BALTES ! Pr ancora aa PRO at ” " oe an a re 

eer fs 

PA cee pi 5 TT BRIE Ae Rea ae Igg 184 da ake eR REA ark FTO EER NRE ee Ae ste entiwtte uy oe oye i mietbaee BAG, Caer, Mate a : : 
io aa Seer me ee = 


TABLE OF CONTENTS 


arn iitane Massena 


PAGE 
1.0 INTRODUCTION : 4 


2.0 REFERENCE DOCUMENTS 4 


Fea A SEPT RLE Ror RTT A: SEI ERTS dae RUBEN on I eg RIE oh thn, HO IER DA AI a i ONCE SIIB ED OE ett te AM ie 
a 


3.0 GENERAL SPECIFICATIONS 5 
4.0 ENVIRONMENTAL SPECIFICATIONS 6 
5.0 POWER REQUIREMENTS 7 
6.0 MAJOR MEMORY SYSTEM COMPONENTS 8 
7.0 PHYSICAL CHARACTERISTICS 7 
8.0 INTERFACE SPECIFICATIONS - GENERAL 1] 


7.0 INTERFACE SIGNAL DEFINITION - DISC INPUT 14 
SIGNALS 


i 10.0 INTERFACE SIGNAL DEFINITION - DISC OUTPUT 15 
_ | SIGNALS 


LIST OF TABLES AND FIGURES 
TABLE 1 J2 INTERFACE SIGNAL PIN ASSIGNMENT 13 
FIGURE 1 TYPICAL DRIVER-RECEIVER CONFIGURATION ‘18 
, FIGURE 2 TIMING DIAGRAM, WRITE TIMING 19 
| FIGURE 3 TIMING DIAGRAM, CLOCK TIMING 19 


FIGURE 4 TIMING DIAGRAM, READ TIMING 20 


we ete Oy, aE bir en “Gamba inectek bates 


1570013 | | 


REORCER NO. A-7 


eet taba ienidaret 


~ Cary 


2 LSPA EE Mars i REDE eat NTR et ae 
~ - i x 2 a ae * + as #* * ” oe ee Se tae! as PEE Og: Be 5 A ke fen archi 5 . MeN ite * — ry amie = 
poe ee ke oo a eae ee ni rei REISE A ENS POLED TEE HY Se eB ae cage MU steerer abet eR ks “uf ot) aes tp iaeeupaieranss, Bie Kans ta Ei ae hip Gee oa uti ea capes per es ea o ‘ ae A = = bod 
ACA BO BE RE OES ITE REO BE i SEY eo SE AER BROOM STEREOS SAIS: SG ga A Pte Ye: aa Sette? When aera Sones 
SO eg OY ae « BE sf . fa ¢ oe Et SAR pinks Meek Ps pi at rs 


S09 cate Reena PO Me ATOLL INES PN NAHE PERI TESR EE REA OES TS SEY ORDO SIN NACE NB Tt te 


Len ag aire ie StS 


Reel everalles 


set A te ae + 


nic ie Pai ei IDEN anes COIR ARG AS RESTS eC Se 


Neo he ea IR HE ater oof Rik Che 2 SEE Cale LES 


Scag Agee Riper awRO RG Shated gate ge 


Pee hen tence My scien 


irtnsqae Pie aire et ow Mogens? petan mnt 


a arenes ea a str A CUR ON a 


ro etn iat eas aaNet eS Failte en Bina 3 


nota centchee 


Sauk Risin Pee 0 


bean, Ea am RI tats al C0 gy VE YE La 


1.0 


2.0 
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INTRODUCTION 


1.1 


1.2 


REFERENCE DOCUMENTS 


2.1 


2.2 


‘ACCUPRESS as 


Scope 


This specification describes a rotating memory designed for storage 
of data with an average access time of 8.3 milliseconds (3600 RPM), 
or 16.7 milliseconds (1800 RPM) and a maximum storage capacity 

of 38.4 x 10° bits. 


Model Number 
The Model Number is constructed as shown below: 


5X0-¥ 


omen 


X SPEED 
TROO RPM 
3600 RPM 


Y NUMBER OF TRACKS 

16 Sixteen tracks 

32 Thirty-two tracks 

48 | Fourty eight tracks 

64 | Sixty-four tracks 

96 Ninety-six tracks 

128 One hundred and twenty-eight tracks 
192 One hundred and ninety two tracks 


256 Two hundred and fifty six tracks 
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Outline and Mounting Drawing - DWG. No. 1520006 


Power Supply Specification - DWG. No, 151001701 


OCS: a RP 


3.0 GENERA! SPECIFICATIONS 8530 Series 8510 Series 


a ; 
i dha pe tack aks pera ace y : mgt 
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lg 3.1 Storage Capacity (Maximum) 40.2 x 10° bits 40.2 x 10° bits 


3.2 Data Tracks (Maximum) 256 (plus 32 spares) 256 (plus 32 spares) 


i 
| q 3.3 Bits/Track (Unformatted absolute 157,000 157,000 
{ | | 


Maximum) 


3.4 Gap between TO and Ist Sector 40 microseconds/ 40 microseconds min. a‘ 


min. 
i | 3.5 Bits/Sector 


The maximum sector length is 
determined by the track capacity, 
from the following relationships: 


Case 1: Track capacity< 122,000 bits: 
Max Sector Length = 1,550 bits 


| Case 2: Track capacity > 122,000 bits: 
Max Sector Length = 1550- —_—iO. I (C - 122000) 
7 
3.6 Preamble (wettten by Disc Memory) 19 bits V9 bits, 
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| | 3.7 | Postamble-Write Guard Bits | | 
: (written by Disc Memory) | bit | bit 


- Guard Space 12 bits 12 bits 


3.8 Rotational Speed | 3600 + 95 RPM 1800 + 55 RPM 


3.9 Reece Access Time 8.3 + 0.2 milsec. 16.7 + 0.4 milsec 
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: 3.10 Data Transfer Rate (at 150,000 bits/track) 

| | 9.0+0.6M Bits/sec 4,5 + 0.3M Bits/ 
sec 

3.1 Disc Diameter | 12 inch 

3.12 Recording Medium NiCo with Rhodium protective overcoat 


3.13 Recording Density | 7448 Bits/Inch Maximum (innermost data 
(at 150,000 bits/track track) 


3.14 MTBF ~ 10,000 hours for 85XX-256 models 
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3515 MTTR One hour 
3.16 Error Rate 


Recoverable Errors: 


The.cccurrence of recoverable errors shall be less than one error in a 
1 e Af i 
10 bits read. tf 
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Non-recoverable Errors: 


The occurrence of non-recoverable errors shall be less than 
one error in 10!2 bits read. 


NOTE: A non-recoverable error is defined as a 
single bit or many consecutive bits in error 
from which valid data cannot be recovered 
within three consecutive passes through the 
same data record. 
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3.17 Preventative Maintenance 


The Disc pre-filter and power supply filters nai Bs replaced when 
they become dirty. 


fe nn ate nl Papuan Che ora, seu MENS Bese he algerie rot Laban Ruane 


x SPRITE PES: BE asec as lag Al Saini Ae IPR TEER ioean 
tg earn AOR A CEG ep pei ne rahe Rach eee aes Sige ot 2 Ma Saciaes et 
ete ERR RT RE RTE BIE ELLE EERE ne ee 


R40 ENVIRONMENTAL SPECIFICATIONS 


4.1 Temperature 


Operating (assumes writing at one extreme 0 to 55°C 
and reading at the opposite extreme) 


eee aa 


Non-operating (On Site) 040 65°C 

| | Non-operating (Shipping and storage ~30 to 65°C 

{ properly packed) | 

- 4,2 Temperature Change 

: Operating max. for data reliability 10°C per hour 


4,3 Relative Humidity 
Operating without condensation: 10% = 90% 


Non-Operating without condensation 10% = 90% 
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4.4 Shock and Vibration 


Vibration Operating: 
Non-operating 


Shock: Operating: 


_ Non-operating 


4.5 Shipping 


4.6 Altitude 
Operating: 
Non-operating: 
4,7 Atmosphere 
5.0 POWER REQUIREMENTS 
Sel A.C. Power 
5.1.1 Voltage 
(single phase, rear 
panel selectable) 
SsleZ Frequency 


Seles Start Current 
| (with 120 volts) 


5.1.4 Run Current 
(with [20 volts) — 


etre sien: 
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040" double amplitude 
displacement, 5-22 Hz; 
Ig acceleration max, 22 - 500 Hz 


.040" double amplitude 
d’splacement, 5-30Hz; 


2g acceleration max, 30 - 500 Hz 


5g ff Msec 1/2 sine wave 
5g Il Msec 1/2 sine wave 


The packaged product to meet the approval of the NATIONAL 
SAFE TRANSIT COMMITTEE, Project IA. (100 Ibs or less) 


10,000 feet 
25,000 feet 


Non-corrosive 


88 - 108 VAC RMS 
105 - [30 
192 - 240 
ZI0 - 260 


A7- 53 Hz 
o7 - 63 Hz 


8.3 amps maximum 


2.7 amos maximum 


/57OOI3 
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(| | 5.1.5 Motor Start Time 20 seconds maximum 


5.1.6 Atoggle power ON/OFF switch provides power 
control for motor and D.C. power supply. 


5.1.7 A single fuse protects the transformer. The fuse is 
located in the line cord receptacle at the rear of 


the unit. 


a ee sy ee 2 ca 
wee ne gree A oe A ee nett ctr eT ae tht SEE Oe EE eat Sead i 


Se Power Loss e 


, The system is capable of withstanding an A.C. power loss of 10 : | 
| milliseconds without malfunction or data error. i 
Ek 
3 5.3 UL/CSA Approval | i 
SC a UL Component Recognition per UL-478 wil! be obtained 
and maintained, except fer 50 Hz oniy units. 

| 5.3.2 CSA Listing per C22.2 will be obtained and maintained, 


except for 50 Hz only units. : | ; 


6.0 MAJOR MEMORY SYSTEM COMPONENTS 


The 8500 Series is composed of the following major component parts. 


PN I ITY CI TNE 
& a 


6.1 | Disc 


a = ; Tae Sag ink 


A 12-inch diameter, .200 inch thick plated with nickel cobali 
is mounted to the spindle assembly. The disc has a thin Rhodium 
overcoat to allow contact start - stop. 


erie ESE? 
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6.2 Spindle 


The disc is mounted to the spindle via a "zero - clearance" 
assembly which maintains the disc location throughout the machine's 
temperature range. The locking device is an impeller to provide 
filtered air for pressurizing the enclosure. The spindle is driven by 
means of a beit and step pulley. 
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6.3 Drive Motor 


A capacitive start, 50/60 Hz induction motor provides the power to 
the disc. Astep pulley compensates for a change in line frequency. 
Separate motors are used for 1800 and 3600 RPM applications. 
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| 6.4 Read/Write Head Assemblies i 
| 6.4.1 Standard triple transducer configuration read/write 


heads are used. 


6.4.2 The transducers contact the disc when the disc is not 


rotating, and fly 12 + 5 micro inches when the disc a 
reaches operating speed. a 
6.5 Memory Assembly ti 
6.5.1 The basic memory assembly consists of the baseplate | t 
spindle, disc, head plate, and motor. ft 
fF 
6.5.2 The memory assembly is supported by four shock mounts. ’ 
6.5.3 The rotating assembly is in a dust sealed enclosure which 
is pressurized by a filter impeller system; the minimum 
required pressures are: 
.05 inches of water: 1800 RPM : 
.20 inches of water: 3600 RPM ; 


A 
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6.5.4 The maximum allowable particle count in the rotating 
assembly is: less than 5 particles, 0.5 microns or larger 
over a 10 minute period and a flow rate of 0.01 cubic feet/ 
minute. 


6.6 Interface Electronics 


ee a EEA 


6.6.1 The digital interface electronics are packaged on 
a vertically mounted P.C. Board (Interface Board) at ; 
the back of the package. 


PP i BE fe 


6.6.2 The Input/Output functions of the disc unit are transmitted 


and received by 7400 TTL family devices. . 
6.7 Read/Write Electronics 
With the exception of the Clock Preamplifier, the analog Read/Write i 
and the head selection electronics are packaged on a P.C. board | Fi 
(Memory Board) which is mounted directly above the Disc Memory ae 

Sub Assembly. 
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6.8 Bit Clock, Sector and Track Origin Generation 


6.8.1 One triple transducer head assembly is mounted to detect 
the recorded bit clock, sector clock and track origin (TO). 


6.8.2 Clocks are recorded on two tracks simultaneously for the 
purpose of having one identical spare. 


| 6.8.3 - Changing from one track to the spare set is accomplished 
: by changing a wire wrap jumper. f 

6.8.4 The third track may be used to record an AMCOMP standard | 
, 6.8.5 Protection is provided to prevent erasure or alteration of | 3 


these recorded timing signals. 


6.9 D.C. Power Supply 


6.9.1 The D.C. Power Supply exhibits the following general characteristics. 


+5V + 3%, 4.5A 
+24V + 3%, 1.0A 
-12V + 3%, 1.0A 


65752 The specifications of the power supply are documented in I< 


DWG. No. 1510017-01 
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6.10 Other Assemblies 
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6.10.1 The tray assembly supports the Disc Mentory Sub Assy and 
also mounsthe A.C. input connector and inner slides. ; 
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| 6.10.2. The rear panel assembly mounts on the tray and holds the 
| | Interface Card. The rear panel assembly also mounts the 
[/O connectors for the active unit. 


6.10.3. The RFI cover encloses the electronics and reduces both 
susceptibility to and emissions of stray magnetic fields. 
The RFI cover is easily removed for access to the major 
electronics. 
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7.0 PHYSICAL CHARACTERISTICS 
( 7.1 Outline Dimension 


Tako Height 8.75 inches 


7.1.2 Depth — 22.00 inches 


7.1.3 Mounting Width: Standard 19-inches | |: 
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7.1.4 The outline dimensions and mounting details are 


documented in DWG No. 1520006. 


| 


7.2 Weight 95 Ibs 


8.0 INTERFACE SPECIFICATIONS - GENERAL 


8.1 Levels" 


8.1.1 The I/O signal levels and pertinent figures are 
defined as seen on the I/O connector. 


8.1.2 Signal levels on the bus of the disc memory system are 
— ae - ~ nominally 0 and 43.0 volts, which are compatible with 
og | both TTL and DTL family of circuits. 


: | | 8.1.2.1 Interface logic levels are defined as shown below: 


LOGIC 0 


O volts nom. it 
+0.4 volts max. Pa 


+2.4 volts min. 
43.0 volts nom, 
+525 volts max. 


LOGIC J 
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8.1.30 Every line must be driven toward ground by a NPN transistor 
collector that is capable of sinking 48 ma and maintaining a 
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-maximum saturated output voltage of 0.4 volts. | 
3 The following integrated circuits are especially suited to these i 
| requirements: i 
| Part Number Manufacturer 


Sn 7438, SN75451 Texas Instruments 


8.1.4 All signals to and from the disc are negative true (except BUS ai 
ferminated and illegal address) _ <i 


8.1.5 All signal lines will also be terminated at the controller. 


8.1.6 A typical Driver-Receiver configuration is shown in Figure 1. 


8.2 Daisy-Chaining 


8.2.1 The interface allows for (4) disc units to be daisy=enainee 
and operated by one controller. 
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8.2.2 The bus system is designed for a maxi mum length of 30 feet 
considering a 9.0 M bit transfer rate. 
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. 8.3 Interface Connectors 
8.3.1 Two 50-pin connectors are provided in the rear panel assembly 4 
to allow daisy chaining. A mating connector (Part No. 1090010-01) i 


is available, 


8.3.2 _ The following table identifies the interface signal pin assignments. 


: 
3 
| 
8 
4 
4 
| 
% 
b 
{ 
i 
3 
& 
i 
ay 


| IDENT NO. [DRAWING NO. 


(S70Cl> 


SC Resonant ret 
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ipo PIN NO, FUNCTION PIN NO. "FUNCTION 


|. RETURN 42 READ 
18: DISC READ 43 RETURN 
34° N/C Ke) — WRITE 
| 35 TRACK ADDRESS-7 27 RETURN 
— 2D TRACK ADDRESS-6 tT READ DATA f 
_ 19 TRACK ADDRESS-5 28 RETURN t 
a a TRACK ADDRESS-4 44 BUS TERMINATED 2 
20 TRACK ADDRESS-3 45 RETURN rE 
36 | TRACK ADDRESS-2 12 WRITE DATA 
37 TRACK ADDRESS-I 29 RETURN 
4A TRACK ADDRESS-0 13 SPARE | 
2 UNIT SELECT 3 30 DC GROUND 
| 5 UNIT SELECT 2 46 READ CLOCK 
| 22 UNIT SELECT 1 47 RETURN 
| 38 UNIT SELECT 0 14 SPARE 2 
39 RETURN 31 RETURN 
6 {LLEGAL ADDRESS 15 WRITE CLOCK IN 
23 RETURN 32 RETURN 
7 | NOT USED IN 8500 48 SPARE 3 
24 RETURN 49 RETURN 7 
40 TRACK ORIGIN | 16 WRITE CLOCK OUT | | 
A| RETURN 33 RETURN 
8 ~ SECTOR CLOCK 17 SHIELD GROUND | |! 
25 RETURN 50 SHIELD GROUND | 
9 : SECTOR WRITE | | LG 
26 RETURN 


TABLE! J2- INTERFACE SIGNAL PIN ASSIGNMENT 
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= — 9.0 INTERFACE SIGNAL DEFINITION ~ DISC INPUT SIG NALS 


Unit Select 


9.1.1 
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7.1.3 


9.1.4 
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Four unit select lines are provided to support chaining 
up to four discs on a single cable assembly. 


One line is assigned toa disc. Selection is made by the 
installation of a jumper assembly on the interface board. 


All discs will be shipped with the Unit Select 1 jumper 
installed. 


The proper unit select line must be set to logic zero 
to allow the disc to write, read,or change track address. 


Following the end of a read operation, the unit must 
stay selected for at least | usec. See Fig. 4. 


By adding a jumper from TP22 to TP58 the following 


additional functions are disabled by deselecting the unit. 


Write Clock Out 
Sector Clock 
Disc Read 

Track Origin 


When the signal is set to a logic zero, data on the 
WRITE DATA line will be recorded on the setected disc 
track. 


The WRITE signal must be set to a logic zero 
synchronized to the SECTOR CLOCK, 


The WRITE command must remain at a logic zero 
until the last bit of data has been transmitted and 
then reset to a logic one (Ref. ‘Figure 2) 


When this signal is set to a logic zero, the READ 
DATA along with the READ CLOCK will be transmitted 
from the selected data head. 


The READ signal must be set to a logic zero synchronized 


to the SECTOR CLOCK. 
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The READ command must remain at a logic zero until 
the last bit has been received and then reset to a logic 
one (Ref. Figure 4). 


9.4 Write Data 


9.4.1. When WRITE is a logic zero, this signal line will 
carry serial NRZ data to be recorded on the selected 
data head. | 


9.5 Write Clock In 


9.5.1 This signal is the cable delayed version of WRITE 
CLOCK OUT, 


WRITE DATA is received in the disc electronics with 
this continuous clock (Ref. Fig. 3). WRITE CLOCK IN 
must be present for a min. of 20 bits after sending the last 


WRITE DATA bit. 
9.6 Track Address 


696.1 These eight lines provide the binary address of the 
_ data head to which a write or read operation is to be 
performed. | | 


These lines must be present and stable as long as a write 
or read operation is performed, 


The full eight lines are to be used regardless of the 
specific number of heads installed in the disc (256 maximum, 
16 minimum). | : 


9.7 Sector Write 


9.7.1 The clock format can be written with this line, when the 
disc unit has been properly set up for initialization by a field engineer. 


10.0 INTERFACE SIGNAL DEFINITION - DISC OUTPUT SIGNALS 


10.1 Track Origin 


aA LS RA ALOE OE RA! 0k) OEE CES 


10.1.1 ~The TRACK ORIGIN is a single pulse, one bit wide, defining 
the start of a disc revolution. 
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This signal line, normally a logic one, is pulsed to a logic 
zero to indicate TRACK ORIGIN. 


10.2 Sector Clock 


10.2.1 The SECTOR CLOCK is a single pulse, one bit wide, an 
defining the start of a sector. All WRITE and READ | a 
commands are timed from the SECTOR CLOCK, i 


This signal line, normally a logic one, is pulsed to a 
logic zero to indicate SECTOR CLOCK (Ref. Figure 5). 


10.3 Read Data 
10.3.1 When READ is a logic zero, this signal line will provide 
serial NRZ data from the selected data head in synchronism 
with the READ CLOCK. (Ref. Figure 4) 
10.4 Read Clock 


10.4.1 The READ CLOCK defines each bit of data to be read 
on the READ DATA output line. 


The READ CLOCK is only present when actual data is 
present on the READ DATA line. The READ CLOCK is 
a repetition pulse with a period of one bit (Ref. Figure 5). 
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10.5. Write Clock Out 
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10.5.1 The WRITE CLOCK OUT is a continuous cleck signal 
defining each bit cell on the track. 
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This signal shall be used to transmit WRITE DATA to 
disc unit and shall be returned to the disc unit asa 


WRITE CLOCK IN. 


The WRITE CLOCK OUT can be used to strobe the Sector 
and Track Origin Clocks into the Controller. 


10.6 = Disc Ready 


10.6.1 When this signal is a logic zero, the disc unit is 
ready to reliably transmit or receive data. 
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The DISC READY will be set to a logic one under 
the following conditions: 


.1.  , DC voltages below acceptable limits 


- 2. Disc rotational speed below reliable 
operating range. 
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3, BUS TERMINATED is at logic zero. 
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10.7 legal Address 


= 


11.7.1 This signal will be set to a logic one when the received 
| address exceeds the maximum address of the machine or, 
in machines equipped withthe write lock-out feature, a 

write operation is attempted on a'focked-out" track. 


10.8 Bus Terminated 


10.8.1 | The BUS TERMINATED signal senses the power to the 
active disc interface terminations. A logic zero on this 
_ line indicates a loss of power to the signal line terminations. 
All other interface lines should be considered invalid. 
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Figure 1. Typical Driver-Receiver Configuration 
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Figure 3. Timing Diagram, Clock Timing 
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Figure 4, Timing Diagram, Read Timing 
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Figure 5. Timing Diagram, Basic System Timing 


= eS Re EE EE EIS I a 


ee ih hapa neal! tees 


tees 
ae ope SSR A 


oa 


SRE ee aS Ce aT ae ee ES ER. PEN OEE SE Ee EE CO TE EEE EE I 
FI EE ORES NEE wae SNE EINES ST at tty SE RECT AR oO KATE RI RR ANTE LTD SES RE LEPC SR: ON SIDLay AS Bice faseEL a Pees) oF op rsen a 


se sai rh Cian mest 
peta Saran 
as genase ee a 
5 ye 


(@) BISHOP GRAPHICS/ACCUPRESS | é 
” REORDER NO. A-7701 me 


twee cee ee oe ee --: - -2e «6 -_-— - me oe Ow ee ee eee eee 7 er i ee ee es 


RECORDING CODES IN THE 


ame me 


cr pon 


NRZI. 


MEM (Aucove) 


& 


~ ene 

‘ 

- ate oe ~- - ~ - 
ee ee ee ee — ee — — ee =. — _ moe: wr 
—_ ~ _ —- _ - ~- 
_ “n ~ o ~- 

- i eee ee - 
Sd 
- . ~ en — we ee — — ae ~~ 


WHYCH ONE (0 
{_ NRGL 
4) Simple to encode : decode 
b) Large” windows" — 
—C) Vrevionsly waed ‘w Broo 


4 


1 MFM 
4) No JITTER PROBLEMS © 

b) No seco oat Daido s , 
c) Same mtioc ‘ Fei fH Bpi aa Nezl 


—_— 
eae — 
— — eee + eeemanty tn an 
meee 
~—- ~~ meee oe eee — 
—_— —_ — — ee eee ee 


ENCODING RULES 


1 NRE 
f\ Si oe 
a for eve 
+ One 


4 


t 1 | 
NR2 DATA | ! ! oan 
(wR ‘ : ! | ] | 
t . 
, ' : ‘ ' ! 3 ; 
t 
Pee 3 _ 
 b £4 _ 
i ' , 3 | 
' : : ! 
4 


were woe) SLEEP LPL LLL. 
WLITE DATA PULSE | | | | 


+ - ms = ' | 
O« 
aot 
 iacceearaaaaes 
|| 


ENCODING RULES 


MEA - ee a 

1 A flux change inthe “Data half of the cell Por every ad 

2. APlux change in the "Clock * helf the cell for every ‘tr excel 
When a ‘yr to follared by w tone”. 


-_ & @ eo 


— NR? DATA 


—/_ 
— 
ft aM = 


o - > - ~ 
: Sad - Cte 
a 
: -_ 
_o. = ap __. 
* 
oan «<p om ap op -_— ap «on 
i) 


- 
nate 
ee 


WIeITE COL CENST fo tf 


MEM PATTERN (same és N¢Zl patton a peviovsly ) 


o @ & a = ae ew oe 
eee ww @ eww w 
aow ww a ao wa a @& 
aoewwes @iewe ww eer q@w ow 
woe ee we m2 2 @ « 
wae at @& @ «tt _> wp wwe 
wanes we @tetiwwe @ 
@ 
aowsaeeese -~ae 2 @& 
oe ew = —_— oo. lo -“~ «= 
oWwwern Fe we wee ee 


LORITE DATA 


( 


WitTEe CriOKKy, 


WITTE DATA PULSE 


WRITE Cu RRET 


( WHAT IS THE WINDOW 4 —- 


| ene 
MRE 
; we bit cell»! | _— 


wee, SL SA 


: { 

r) 4 

4 : : 
—j> << 


eenis a 507. 
ie The peal ada e | clock can Avift 2507, f the 
( bit cell before it WariSses ots dota 4 ea Cae 
KA AA : uy bbiteell te 


j 7 — ' | 1 
, BD tCt ob | -C *'§ BD | c Bete yD re! 
\ ‘ ’ — | 


DQUAZE DATA L _ een | | _— 


duoesst25% 

wt. The lading edge of the clock cam ibe 
257, 4 te bit od before. i pieree a tranat kon 
ji Mics, "isd rath df te col. 


TYPICAL PATTERNS , | 
| ——- 
| 7 t  . LUE1001001 
é 
7 RE | \ILLO10 101 


o a - a - . 
- — —e a - - 
- ~ a 
a me -  - ~~: 
. 
— mee - . me a ee ee ee en eee ee ee Ate RA NRE ARRON SOEUR ve es nA -  RR tleIUNRNER anseeni “OU eit emp a eh ale dete ote a a o- need . 


ZGo ww tl 


‘Caw ID OML NYWHL LavdY WaHtiava LON anY saAaNV¥HD XN dA 'L 
awit wd B2N9Q AWrYHL U74S979D LOW aay SPP VHD xAI4 'F¢ 


| Qyazg2 PY St Lig 
LX¥IN 2) 77990 dO GNF dv BFINVYHD XO 4liyam — wg soaaze “SZ 


I72D 490 YPANID Wi FJINVHIKOIZ BuIamM — Lig S97VQ0 °} 


2709 Poasallte “Wo4w7w 


fOi2*t -— QUAD Tre —ece TkaNteaTuse 


4 / PACKAGE 


fo224 - Doyac TYFE Dp Fvip fFyer 


POSITIVE EDEE TEIEFEL 
FerittvE Leveu ser - RESET 


Coe ae -~ GUAD DIFFELE MIA | URPUT ECL TTL TKENS LAT YZ 
(Cyc = GUARD FUDINENE. 
{ [oo = Dirrereprwmn. wk RECEIVER 


ASSUME Neminki CEVELS —-O,.9V TkKUE 
-IEV  FFLSE 


FCo 


ANTIO SPAT ION ENABLE 


CIRCUIT 
Ula 


—— DLY'D 


DATA FROM DELAY DATA 
(ERD AMP | LINE 
SEPARATOR ENABLE 
| Naw, 
W RITE CLOCK ,) 


SToP 
Osc 
6S 

ENAGLE 
Cl Gic Uli 


OS CONTREL 


PHASE 
DETECTOR. 


U37 
UuzZ8 


INTE CRATOE. 


YX 
OSCILLATOR 


NATH SEPARATOIC PLreok 


commer! bE EP 
DATA 32-9 eg 


DATA UZ3- xed ee oe 
Cueck y23- b LI 


TO WRITE PR IVER ) 
WRITE ora OE cern OE eee OE rae 


MEM WRITE ENCODE 


SECTO Se rd 3 : 
MP IK | | 7 


DATA HEAD PREAMCLE la 


O DATR -—-MEM 


1 ete ened 


write coocel | | | ttt tt ddd dt bt dt Pee te tt tt > 


DATA Et ttt tttiptpi tet tet ttertee f[ Et fp] 


ReaD fis 
SEPARATCR ENABLE teamed = #4 


STUP OSG 


OSC ENABLE | | | 


ee ee we 
| fees Papoose road Ve Bt . #t TA 
} AJ PHASE Witt p+ WC LI nn pete ee = 


SEOMRATCR SING 


DATA 


AX CLK 


mH 


ae: . ( 
DELAYED DATA_| L WY | ee: | ees | ek | eee | seeeen 


isa 
26 U/z CELL J 


AmcopEe DATH SEPARATCIZ 
BASI( GC Y DETECT” 


‘ 
en td ~ - 
- . coe 
aor we 8 ~ 
~~ em » 
es 

on een", 

woes ee aos “ 
aes. ead 
vee - . 
oo ~ ~ 
ree -- oe ~ 
omw wen ee ee wr ee ow 


+ emer - — = 
c on a —~ ie - 
; ‘ 

was » o- ~ e 

4 
weetes: ee®. Pass 
: 
' 
¢ 
Pi * 
> Gare e ea ey 
’ 
t 
: 
ee een? oe 
: 
. ‘ 
ry ¢ 
t 
sistas at a 
. 
’ 
Sine. 3g eo oy 
o @ = 
+ 
Neat fo ee 
—_ e 
¢ 
. 
° * 
e > 
*? 7. 7 
, 
7 
: 
Web ee. he 
‘ 
a J 
= were ew - ane ~ wet 
: 
- i 


wes eee - 


: — _ 2 4 A : 
; ; 
; ! | 
| ] ) 
a Be O . : : i : | : } a 
i , | : Ls 
| ace 
. j i : t tb: 
é ane sg “ get. Ss ae & Lig: eed ‘ = oes ee ; eye . +. 4 2 ce 
; ! NY \3 <it 
ee a | 7 a 2 a 
° 7 i . -e ‘ - - - - ‘ ¢ ~ | {= t—— -—¢ . ; 
i : ' 
; ' : A (| 
ound -- 8 t- - - ee — —_ ae - + am a ~ ¥ 
. ' ; | : 
' ‘ | 
o-_ -_ ~~> ee ewe ome —_ - oo —_ -: . —_ = @ 
. < 
oe , ! | 
. - e a * ee Yee 2 ates + - =* t= ‘- 
| | 
: ' ' ' 
-- e- 4 pee ea ce ‘a ae ee ie oo een s ae ‘< “ 7 
: — ’ ; . ; : { { . 
at ; 4 | | | 
o- ry oy . a e - - t ~ * -}- t t : - 
ue “Le t ‘ ' { ‘ 
THe eee 
‘ : : H ' : 
C) Spe) senes — Penney es ah octet . it od ~ > 4 -+ . 4 oe a 
— - i : ‘ | ' | t 3 
: ' ‘ 
a4 , eke es ig be - A 4 : “a 2 
ae | 
‘ i | 
7 \- ; 
{ 
‘ 


ee ee = 
: _ —s = 


ome te ee 


eed 


ee ee ee es 


ene 


; 
ea +e | 
- | 
act | ie ie 
| 
| | 
! i 
: fhe Pe aed 
' : 
! ‘ 
| 
H 
: 
! | 
; w! Wy os ’ 
a = : © (0: | 
é gfe ’ 3 Ye - Ls aes ~~ De + be An aah bos 
s < | : iy es ! : 
{ $ ra) : . \ ' 
: 2 ; 1) } ae 
aro: oe a + . Benes ‘ ~t P : We ese 2 -4 rae < 
’ ui ‘ . H : 
t j , H 
F i ‘ , 
s we bee ~+-- e- a aes ast - ms aa —-t t- ~ . 
: ' : ! { : ; 
: ’ { : { 
_ es - oe ee . tbe 
: | 1 
| , ! | 
- < so or rs - 4 6 ome a “ 4 nese 
' | : : ' + 
; \ t 


meen natathene sine mommies odie hase: ioe maa am 


= a Gene 


m4 


7 ne 
os ane 
fe iv 
| toy 
| SL & 

a gee Sy ” ie 
iG Ae 
|O |: 
Cae. 8 
Ee 
eo ee a 
| Q | 
. 3 ob. 7 ee 
| 
AT cad, 3 
ee 
st as 

Zee fi 

ae Sap 
aa 2 
ich . | = 
as ee oat 
| a ip. 
ae ee 
nae ee 
J Mea 
ox — “ne ee 
Tg | 
a ioe 
wie NG Ree 
Tr 
os eter eee 
a ae 

oe Aes sadece 1 


{ 


’ 


4 
i 


pmb ce nme be eae me ee ee 


t 


f 


brs 


« 


a 


} 
i 


eer | 


4 


+ 


~ we es 


oe ee ee ee 


ow ce te 


t 


sm 


aot 


’ . 
ae-. 

‘ 

‘ 


’ 


er a a 2 ny aoe ete™ ¢ 


4 t } 
ry * 


2 ee emer eae eee th 


_— 
’ 


» 


tee Na RR ae om mE te 


ere eo ea 


. . 
cee ay ae ot winner mareneveaamatieie aime samy a 
' 
j 
‘ 


' oy 


, 


Wem nee ee ee me tee me ee ee ee ee ete Oe ne me em te 
‘ 


é 
t 
t 


eoVv 


bs oT 
, oT 


a 
Pn | 


2 


‘ 


ie a 


2X2 


4 
e 
1 


- ' 
’ ‘ a 
ee ieee re cee eee Toe Ue eee 
. 4 


oom, 
a 


s 


ee ne 


' 


2O.bn S$ 


’ 
i 


‘ 


sewer cme ne + 
° 


! ees 
{ 
| 


= 
z= 
| -- : 


, 
pears te 

! 

’ 

$ 

3 


? 
' 


. 


tm - 
a 
Pa 7 
~ & U 
od 
Pome 
tom: - 
-” 
x, 


++ 


: 
a 
‘ 

, 

' 

a oe 


-_~ 
t 
. 
’ 
1 
dor ees 
$ 
’ 
. 
i 
4 
a 


a  d 


adhe aemme map ome aes a 
a 


’ 


a Sore 
' 


C 


‘ 
be memento wo 


a es 


5 odes 7 oes Som 

| 
adi ‘ os 

i 

: 

roe ee 

to 

ay ee 

i : 


es ae 
: \ — 
1S 
en T oo. 

‘ —_— 
= ' 

no ede l 

t 
ae « 


: : bd 
= Le oe ee 
. : i ws 
pf ee | . 
i 1 j 
et ee co +<Q: 
. aww |} 5 
: , 
i 
a ‘ee t- a oo 
’ $3 
| a 
is ' ‘ 
dare ites KN 
=o. 
F ‘ : 
t ' 
Sarr een ere en ie aay 
: iS 
. i Poa 
a 
§ 3m Se i, Kees ae Se 


~~ 


oad. 


i 


iL 


_ 


~~ 


* 
* 


2 
‘ 
i 


vee pt ee 


| 
t . i 
or 
owe ee Sees * 
ae 
: ¢ 


-~4 


' 

' 

{ 
re te eee ew 

+ 


weer} ee 
$ 
‘ 
e t 
= 
q 
| nd 


seen Ge me wh wes 


+ wee 
i 
H 
: 
ete ge 
s 
1 
Seieeene 
i 
eter nae 
7 


! 

{ hb : 

! ‘ : ‘ 

bee Rita 

{ --- ' _~ 

+ 

>.) ee ee 
eee Maina r & dea tages 

i i : { 

2 ee ae 
oe rhe +4 i are Se 4 

i i 


9 
fon : 
*~ 
- ¢ ~ 
re t 
a 
rt ay Ph —_ nn, ee ne 9 
ak, re 
—, 
i ined ry 
wee ew gio : «i 
* ‘ 
1 


ours * To ghee 
‘ 
ww NE we 
—¢ ~ nome ot ; a 
x H , 
hte ait on areas 
‘ 3 ' | we 
; MS 
ce eee ae 


> 


’ 
® 


’ 


’ 


4 


: : 
Smee die we nnn ceemly ee neem 8 ee mee | ete atk eee eh eee nee on no mn + meme, 
. 


‘ 
’ 
. 
: ' 
. . 
eee O&O ee ww 
. 


¢ 
+ 


4 


ew we 
. 
me oe tm 


nt a8 et amyecam er + 7 
. x 
é : 


+ rene 


ae 


t 


2 


Oh QE eee ee we 


2 tt ee 


< 
‘ 
. 
A 
“6 a. 
‘ 
' 
s 
oe od 
3 
teen 
) 
4 
‘ 
‘ 
1 
4 * 


De 


CELL l a Z 


Poowiney™ | 2 { e o 

hae : bi | | TL. T 7 + 1 | | | | 

LATCHE D DATA [| | | | a | Tt | _—_— 
Ce We ee ee ee | 


somenzeo -] LT L_f Leif LJ LI iF Le. 


VRS O a FY | ( 
BP MACODE 
DATA RECCUE FY 
> MRE DATA 
— pey'D DATA 
(PuLse ) 


|X OSC 


2.K OSC 


GENERAL INFORMATION 
SECTION I — HIGH-SPEED LOGICS 


‘High speed logic is used whenever improved 
system performance would increase @ product's 
market value. For @ given system design, high- 
speed logic is the most direct wey to improve 
system performance and emitter-coupied logic 
(ECL) is today's fastest form of digital logic. 
Emitter-coupied logic offers both the logic speed 
and logic features to meet the market demands for 
higher performance systerns. 


MECL PROOUCTS 


Motorola introduced the original monolithic 
emitter-coupted logic family with MECL 1 (1962) 
end followed this with MECL 11 (1966). These wwo 
families ere now obsolete and have given wey to 
the MECL ttt (MC1600 series), MECL 10,000, 
MECL 10800, and PLL (MC12000 series) families. 

Chronologically the third family introduced. 
MECL 15! (1968) is @ higher power, higher speed 
logic. Typical 1 ns edge speeds and propagation 
delays along with greater than 500 MHz flip-flop 
toggle rates, make MECL II! useful for high-speed 
test and communications equipment. Also, this 
famdy is used in the high-speed sections and 
critical timing delays of larger systems. For more 
general purpose applications, however, trends in 
large high-speed systems showed the need for an 
easy-to-use logic family with propagation delays 
on the order of 2 ns. To match this requirement, 
the MECL 10,000 Series was introduced in 197}. 


An important feature of MECL 10,000 is its 
compatibility with MECL 11! to facilitate using 
both families in the same system. A second impor- 
tent feature is its significant power economy — 
MECL 10,000 gates use less than one-half the 
power of MECL II!. Finally, low gate power and 
advanced circuit design techniques have permitted 
8 new level of complexity for MECL 10,000 cir- 
cuits. For example, the complexity of the MC10803 
Memory Interface Function compares favorably to 
that of any bipolar integrated circuit on the market. 

The basic MECL 10,000 Series has been ex- 
panded by a subset of devices with even greater 
speed. This additions! series provides a selection 
of MECL 10,000 logic functions with flip-flop 
repetition rates up to 200 MHz min. The MECL 
10,200 Series is meant for use in critical timing 
chains, end for clock distribution circuits. MECL 
10,200 parts are otherwise identical to their 
10,000 Series counterparts (subtract 100 from 
the MECL 10,200 part number to obtain the 
equivaient standard MECL 10,000 part number). 

Continuing technical advances led more recent- 
ly to the development of the M10800 LS! pro- 
cessor family. The M10800 family combines the 
performance of ECL with the system advantages 
of LSI density. Architectural features of the 
M10800 family significantly reduce the component 
count of a high-performance processor system. The 
M10800 LS) family is fully compatible with the 
MECL 10,000 and MECL II! logic families for a 
complete selection of system design components. 


MECL FAMILY COMPARISONS 


10,100 Series 
10,500 Series 


1. Gate Propagation Delay 2s 
2. Output Edge Speed 3.5 ne 
3. Flip-Fiop Toggle Speed 160 Mrz 
4. Gate Power | 25 mw 
5. Speed Power Product 80 pJ 


* Average for Equivaient LS! Gate. 


MECL 10,000 


10,200 Series 
10,600 Series 10,800 LSI° MECL It 


1.85 ns Ins 
25 ne Ins 
250 MHz 300 - 500 MHz 
26 mw 60 mw 
37 pJ 60 pJ 


FIGURE 18 — GENERAL CHARACTERISTICS 
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Ambient 
Temperature Range 


0° to 75°C 


MC 10500 Series 
MC 10600 Series 
MCM 10500 Series 


-§5°C to 125°C 


‘oe 


MCM10100 Sees | SS 


-30°C 10 + 85°C MC 10100 Series MC 10800 Series 
MC 10200 Series 


MECL tit 
MC 1697P 


MC 12000 Series 


oe 12000 Series 


MC 12500 Series 


MC 1648M 


FIGURE 1b — OPERATING TEMPERATURE RANGE 


MC1O0200L Series 
MC1OSOOL Series 
MC1TOGOOL Series 

MCM10100L Series 
MCM10500L Series 


MC 10SOOF Series 
MC1TOGOOF Series 
MCM10500F Series 
[70Pmeeremeoe | 
24-Pin Plastic Package 
24-Pin Ceramic DIP 


16-Pin Fiat Peckage 


24 Pin Fiat Package 


48 Pin Ceramic Quit 


14 Pin Plastic OIP 


14-Pin Ceramic OIP 


MC10581F 
14-Pin Fiat Package 


For package information see page 1-28. 


16-Pin Plastic DIP MC10100P Series MC 1658P MC12000P Series 
. MC10200P Series 
16-Pin Ceramic DIP -MC10100L Series MC 10804L MC 16001. Series MCI2000L Series 


MC10807L 


Pe 


MC 10805L 


mero | 
MCIOIBIL, MC 10802L 
MC10581L 


MC 1TO800L Series 


MC1I2500L Series 


Mc 12000P 

MCH2O02P 5 
mC 12020° 
MC 12040P 
MC 12000L 
MC 12007L 
MC 120201 
MC12040L 


MC12540F 


MC 1648P 


= 


MC 16487 


MC 1648F 
MC 169 7P 


FIGURE Ic — PACKAGE STVLES 


MECL IN PERSPECTIVE 


In evaluating any logic line, speed end power 
requirements sre the obvious Primary considera- 
tions. Figure 1 provides the basic paremeters of the 
MECL 10,000, M10800, and MECL It! families. 
But these provide only the start of any comparsa- 
tive analysis, as there are 8 number of other impor- 
tant features that make MECL highly desirable for 
system implementation. Among these: 
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-Comptementary Outputs cause 8 function end 
its complement to appear simultaneously at the 
device outputs, without the use of external in- 
verters. it reduces package count by eliminating 
the need for associated invert functions end, at the 
same time, cuts system. power requirements and 
reduces timing differential problems arising from 
the time delays introduced by inverters. 
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High Input Impedance and Low Output imped- 
ance permit large fan out and versatile drive char- 
acteristics. 

Insignificant Power Supply Noise Generation, 
gue to differential amplifier design which eliminates 
current spikes even during signal transition period. 

Nearly Constant Power Supply Current Drain 
simplifies power-supply design and reduces costs. 

Low Cross-Talk due to low-<current switching in 
signal path and small (typically 850 mV) voltage 
swing, end to relatively tong rise and fall mes. 

Wide Variety of Functions, including complex 
functions facilitated by low power dissipation 
(partecularty in MECL 10.000 series). A basic 
MECL 10,000 gate consumes less then 8 mW in 
an-chip power in some complex functions. 

Wide Performance Flexibility due to differ- 
ential amplifier design which permits MECL cir- 
cuits to be used as linear as well as digital circuits. 

Transmission Line Orive Capability is afforded 
by the open emitter outputs of MECL devices. No 
"Line Orivers”’ are listed in MECL families, because 
every device it a line driver. 

Wire-ORing reduces the number of logic devices 
required in a design by producing additional OR 
gate functions with only an interconnection. 

Twisted Peir Drive Capability permits MECL 
Circuits to drive twisted-pair transmission lines a6 
tong as 1000 feet. 

Wiee-Wrap Capability is possible with MECL 
10,000 and the M10600 LSI family because of the 
slow rise end fall time characteristic of the circuits. 

Open Emitter-Follower Outputs sre used for 
MECL outputs to simplify signal line drive. The 
outputs match eny iine impedance and the ab- 
sence of internal pulldown resistors saves power. 

Input Pulldown Resistors of spproximately 
SOkit permit unused inputs to remain uncon- 
nected for easier circuit boerd layout. : 


MECL APPLICATIONS 


Motorole’s MECL product lines are designed for 
& wide range of systems needs. Within the com- 
puter merket, MECL 10.000 is used in systems 
ranging from special purpose peripheral controllers 
to large mainframe computers. Big growth areas in 
this market include disk and communication 
channel! controllers for larger systems and high 
performance minicomputers. 

The industrial market primarily uses MECL for 
high performance test systems such as IC or PC 
board testers. However, the high bandwidths of 
MECL 10,000, MECL I1!, and MC12,000 ae 
required for many frequency synthesizer systems 
using high speed phase tock loop networks. MECL 
wall continue to grow in the industrial market 
through complex medical electronic products and 
high performance process control systems. 

MECL 10,000 and MECL II! have been ac- 
cepted within the Federal market for numerous 
Signal processors and navigation systems. Full 
military temperature range MECL 10,000 is of- 


fered in the MC10S500 and MC10600 Series, and 
in the PLL family as the MC12500 Series, 


BASIC CONSIDERATIONS FOR HIGH-SPEED 
LOGIC DESIGN 


High-speed operation involves only four con- 
siderations that differ significantly fram operation 
at low and medium speeds: 

1. Time delays through interconnect wiring, 
which msy have been ignored in medium-speed 
systems, become highly important at state-of -the- 
art speeds. 


2. The possibility of distorted waveforms due 
to reflections on signal lines increases with edge 


speed. 


3. The possibility of “crosstalk” between 
adjacent signal leads is proportionately increased 
in high speed systems. 


4. Electrical noise generation and pick-up are 
more detrimental at higher speeds. 

In general, these four characteristics are speed- 
and frequency-dependent, and are virtually inde- 
pendent of the type of logic employed. The merit 
of a@ particular logic family is measured by how 
well it compensates for these deleterious effects in 
system epplications. 


The interconnéct-wiring time delsys can be 
reduced only by reducing the length of the inter- 
connecting tines. At logic speeds of two nano- 
seconds, an equivalent “‘gate delay” is introduced 
by. every foot of interconnecting wiring. Obviously, 
for functions interconnected within a single mono- 
lithic chip, the time delays of signals travelling 
from one function to another are insignificant. But 
for @ great many externally interconnected parts, 
this ca.. soon add up to an appreciable delay time. 
Hence, the greater the number of functions per 
chip, the higher the system speed. MECL circuits, 
perticularly those of the MECL 10.000 Series ere 
Cesigned with @ propensity towerd complex func- 


- tions to enhence overall syste speed. 


Waveform distortion due to line reflections also 
becomes troublesome principally at state-of-the-art 
speeds. At slow and medium speeds, reflections on 
interconnecting lines are not usualiy a serious 
problem. At higher speeds, however, tine lengths 
can approach the wavelength of the signal and im- 
properly terminated tines can result in reflections 
thet will cause false triggering (see Figure 2). The 
solution, as in RF technology, is to employ “‘trans- 
Missiontine” practices and properly terminate each 
signal line with its characteristic impedance at the 
end of its run. The low-impedance, emitter- 
follower outputs of MECL circuits facilitate trans- 
mission-line practices without upsetting the voltage 
levels of the system. 
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The increased affinity for crosstalk in high- 
speed circuits is the result of very steep leading end 
trailing edges (fast rise and fall times) of the high- 
speed signal. These steep wavefronts are rich in 
harmonics that couple readily to edjacent circuits. 
in the design of MECL 10,000, tne rise and fall 
times have been deliberately slowed. This reduces 


Receiving Gate 
Input A 


FIGURE 28 — UNTERMINATED 
TRANSMISSION LINE 
(No Ground Plane Used) 


the effinity for crosstalk without compromising 
other important performance parameters. 

Fram the sbove, it is evident that the MECL 
logic line Is not simply capable of operating at high 
speed, but has been specifically designed to reduce 
the problems that sre normally essocisted with 
high-peed operation. 
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FIGURE 2b — PROPERLY TERMINATED 
TRANSMISSION LINE 
(Ground Plsne Added) 
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FIGURE 3 — MECL GATE STRUCTURE AND SWITCHING BEHAVIOR 
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> CIRCUIT DESCRIPTION 


The typical MECL circuit, Figure 3, consists of 
@ differential-amplifier input circuit, a temperature 
and voltage compensated bias network, and emitter- 
follower outputs to restore dc levels and provide 
buffering for transmission fine driving. High fen- 
out operation is possible because of the high input 
impedance of the differential amplifier input and 
the low output impedance of the emitter follower 
Outputs. Power-supply noise 1s virtually eliminated 
by the nearly constant current drain of the differ- 
ential amplifier, even during the transition period. 
Basic gate design provides for simultaneous Output 
of both the OR function and its complement, the 
NOR function. 

Power - Supply Connections ~ Any of the power 
supply levels, Vr7. Vcc. or Veg may be used as 
ground: however, the use of the Vcc node as 
ground results in best noise immunity. In such a 
case. Vcc * 0. Vy * -20V, Veg = 52 V. 

System Logic Specifications — The output 
loge swing of 0.85 V, as shown by the typical 
transfer characteristics Curve, vanes from a LOW 
state of Voy * -1.75 V toa HIGH state of Voy * 
0.9 V with respect to ground. 

Positive logic 1s used when reference is made to 
togecal °’0's"’ or *'1's.°° Then 

“O" = -1.75 V = LOW 
typical 
“t= -09V = HIGH 


Cieeuit Operation -- Beginning with all logic 
imputs LOW (nominal -1.75 V), assume that Q1 
through O4 are cut off because their P-N base- 
emitter junctions are not conducting, end the for- 


ward-biased Q5 is conducting. Under these condi- 
tions, with the base of O5 held at -1.29 V by the 
Vap network, its emitter will be one diode drop 
(0.8 V) more negative than its base, or -2.09 V. 
(The 0.8 V differential is a characteristic of this 
P-N junction.) The base-to-emitter differential 
across Q1 — QO4 is then the difference between the 
common emitter voltage (-2.09 V) and the LOW 
logic level (-1.75 V) of 0.34 V. This is less than the 
threshold voltage of Q1 through O4 so that these 
transistors will remain cut off. 

When any one (or all) of the logic inputs are 
shifted upward from the -1.75 V LOW state to the 
-0.9 V HIGH state, the base voltage of that tran- 
sistor increases beyond the threshold point and the 
transistor turns on. When this happens, the voltage 
at the common-emitter point rises from -2.09 V to 
-1.7 (one diode drop below the -0.9 V base voltage 
of the input transistor), and since the base voltage 
of the fixed-bias transistor (QS) is held at -1.29 V, 
the base-emitter voitage Q5 cannot sustain conduc- 
tion. Hence, this transistor is cut off. 

This action 1s reversible, so that when the input 
signai(s) return to the LOW state, Q! — O4 are 
again turned off and Q5 again becomes forward 
biased. The collector voltages resulting from the 
switching action of Q1 — Q4 and OS are trans- 
ferred through the output emitter-follower to the 
output terminal. Note that the differential action 
of the switching transistors lone section being off 
when the other is on) furnishes simultaneous 
complementary signa at the output. This action 
also maintains constant power supply current 
drain. 


DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS 


icc Total power supply current drawn trom 


the positive supply by a MECL unit under 
test. 


‘cso Leakage current from input transistor on 
MECL devices without pulldown resistors 
when test voltage 1s applied. 


iccH Current drain from Vcc power supply 
with all inputs at logic HIGH level. 


To of I Current drain from VCC power supply 
with alf inputs at logic LOW tevel. 


te Total power supply current drawn from a 
MECL test unit by the negative power 
supply. 


'¢ Forward diode current drawn from an 
input of a saturated logic to-MECL trans. 
lator when that snput « at ground 
potential. 

lin Current into the input of the test unit 
when a maximum logic HIGH (Vin max! 
18 appled at that input. 
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“TINH HIGH level input current into a node 
with a specified HIGH level (Vit4y max) 
logic voltage applied to that node. (Same 
as lin for positive logic.) 


"UNE LOW tevel input current, into a node 
with a specified LOW level (Vit min) 
logic voltage applied to that node. 


te Load current that 1s drawn from a MECL 
circurt Output when measuring the output 
HIGH level voltage. 


"10H HIGH level output current the current 
flowing into the output, at 2 specified 
HIGH level output voltage. 


“10OL LOW levet output current: the current 
flowing into the output, at a specified 
LOW level output voltage. 


los Output short circuit current. 

lout Output current (from a device or circuit, 
under such conditions mentioned in 
context). 


4 


2 Oren 


Current (cont.} : 


Ig Reverse current drawn from a transistor 
input of a test unit when VEE 1s applied 
at that input. ° 

isc Short-circuit current drawn from 2 trans 
lator saturating output when that output 
ts at ground potential. 


Voltage: 
Vea Reference bias supply voltage. se 
of a tran- 
VBE Base-to-emitter voltage drop iy 
sistor at specified collector 8 bare 
currents. 


VcB Collector-to-base voltage drop of e@ 
transistor at specified collector and base 


currents. 
Vv General term for the most positive power 
cc | : 
supply voltage to a MECL device (usua y 
ground, except for translator and inter: 
face circurts). 

Vcc! Most positive power supply peleaeiedy 
put devices). (Usually ground for 
devices.) 

Vcc2 Most positive power supply voltage ee 
rent switches and bias driverL (Usually 
ground for MECL devices.) 


VEE Most negative power supply voltage for a 
circuit (usuatty -§.2 V for MECL devices}. 


VE Input voltage for measuring t¢ on TTL 
interface circults. 

ViH Input logic HIGH voltage level (nominal 
value). 


*ViH max Maxrmum HIGH level input voltage: The 
most positive (least negative) value of 
high-level input voltage, for which * 
operation of the logic element within 
specification limits 1s guaranteed. 


VIHA Input logic HIGH threshold voltage level. 


VIHA min Minimum input logic HIGH level (thres- 
hold) voltage for which performance ts 
specified. 

°ViH min Minimum HIGH tevel input voltage: The 
least positive (most negative) value of 
HIGH level input voltage for which opera: 
tion of the logic element within specifica: 
tion limits is guaranteed. 


inal 
VIL input fogic LOW voltage level (nromina 
value). 
"VIL max Maximum LOW level input voltage: bbe 
most positive (least negative) value oO 
LOW level input voltage for which opera: 
tion of the logic element within specifica- 
tion limits is guaranteed. 


VILA Input ogee LOW threshold voltage level. 


VILA max Maximum input logic LOW level (thres: 
hold) voltage for which performance ss 
specifred. 

“Vit min Minimum LOW level input voltage: The 
feast positive (most negative) value of 
LOW tevel input voltage for winch opera- 
tion of the fogec element within specifica- 
tion fimuts is queranteed. 


Vin input voltage (to a crrcuit or device). 


Vmax Maximum (most positive) supply voltage. 
permitted under 8 specified sat of 
conditions. 

°VOH Output togic HIGH voltage level: The 

voltage tevel at an output terminal for e 

specified output current, with the 

specified condstions apptied to estadlish 3 

HIGH level at the output. 

Output logic HIGH threshold voltage 

level. 


VOHA min Minimum output HIGH threshold voltage 
level for which performance is specified. 


VOHA 


VOH max Maximum output HIGH of high-level 
voltage for given inpuls. 

VOH min Minimum output HIGH or high-level voit: 
age for given mMpuls. 

“VOL Output fogre LOW voltage level: The 
voltage level at the output termunal for a 
specified output current, with the 
specified conditions applied to establesh @ 
LOW tevel at the output. 

VOLA Output logic LOW threshold voltage level. 


VOLA max Maximum output LOW threshold voltege 
tevel for which performance is specified. 


VOL max Maximum output LOW tevet voltage for 


given inputs. 

Voi min Minimum output LOW level voltage for 
given inputs. 

VTT Line load-resistor terminating voltage for 


outputs from a MECL device. 


VOLsS1 Output logic LOW level on MECL 10,000 
line receiver devices with all inputs at 
VeE voltage level. 

VOLS2 Output logic LOW level on MECL 10.000 


line receiver devices with all inputs open. 


*JEDEC, EIA, NEMA stendard definition 
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Time Parameters: 


t+ Waveform rise time (LOW to HIGH). 10% 
to 90%. or 20% to BOX, as specified. 

t- Waveform fall ume (HIGH to LOW). 90% 
to 10%, of BO% to 20%. as specified. 

tr Same as t¢ 

tf Same as t- 

t+. Propagation Delay, see Figure 9. 

ue Propagation Delay, see Figure 9. 

tog Propagation delay, input to Output from 


the 50% point of the input waveform at 


tatys pin x (falling edge noted by — or rising 
edge noted by *) to the 50% point of the 
Output waveform at pin y (falling edge 
noted by — of rising edge noted by +). (Cf 
Figure 9.) 
tne Output waveform rise time as measured 
trom 10% to 90% or 20% to 80% points 
On wavetorm (whichever 1s specified) at 
pin xX with input conditions as specified. 
ty. Output wavetorm tall time as measured 
from 90% to 10% or BOX to 20% points 
On waveform (whichever is specified) at 
Pin x, with input conditions as specified. 
' Tog Toggle frequency of a flip-flop or 
counter device. 
fshote Shift cate for a shift regrster. 
Read Mode (Memories) 
tacs Crp Select Access Time 
ACS Crop Select Recovery Time 
(AA Address Accets Time 
Write Mede (Memories) 
tw Write Pulse Width 
twso Oata Setup Time Prior to Write 
twHO Data Hold Teme Alter Write 
tWSA Address setup time prior to write 
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tWHA Address hold time after write ‘ 

twscs Chip select setup time prior to write j 

tWHCS Chip select hold time after write * : 

tws Write disable time 

{wR Write recovery time 

Temperature: 

Tstg Maximum tempereture at which device 
may be stored without damage or perfor. 
mance deg adation. 

Ty Junction (or die) temperature of an inte- 
gated circuit device. 

Ta Ambient (environment) temperature existing 
in the immediate vicinity of an integrated 
Circuit device package. 

Osa Thermal resistance of an IC package, junction 
to ambent. 

IC Thermal resistance of an IC package, junction 
to case 

ifpm Linear feet per minute. 

8CA Thermal resistance of an IC package, case 
to ambient. 

Miscetlaneous: 

eg Signal generator inputs to a test circuit. 

TPin Test point at input of unit under test. 

TPout Test port at output of unit under test. 

O0.uLT. Device under test. 

Cia input capacitance. 

Cout Output capacitance. 

Zout Output impedance. 

*Po The total dc power applied to 8 device, not 
including any power delivered from the 
device to a load. 

Re Load Resistance. 

Rr Terminating (load) resistor. 

Ro An input pull-down resistor (i.e, connected 
to the most negative voltage). 

PUT. Pin under test. 


“JEDEC, EIA, NEMA standard definition 
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SECTION Il — TECHNICAL DATA 


GENERAL CHARACTERISTICS and 
SPECIFICATIONS 


(See pages 1-6 through 1-8 for definitions of sym- 
bols and abbreviations.) 

In subsequent sections of this Date Book, the 
important MECL parameters are identified and 
characterized, and complete data provided for each 
of the functions. To meke this data es useful as 
possible, and to avord a great deal of repetition, 
the data that is common to all functional blocks 
in @ line is not repeated on each individual sheet. 
Rather, these common characteristics, es well es 
the application information that applies to each 
family, are discussed in this section. 

In general, the common characteristics of major 
importance are: 


Maximum Ratings, including both de and ec 
characteristics and temperature limits; 

Transfer Characteristics, which define logic 
levels and switching thresholds; 

DC Parameters, such as output levels, threshold 
levels, and forcing functions. 

AC Parameters, such 8s propagation delays, rise 
and fall times and other time dependent cherac- 
teristics. : 

in addition, this section will discuss general lay- 
Out and design guides that will help the designer in 
building and testing systems with MECL circuits. 


Supply Voltage (Vcc = 0) 


Output Source Current 
Continuous 


Junction Temperature 
Plastic Package 


Vv 
Vv 


LETTER SYMBOLS AND ABBREVIATIONS 


Throughout this section, and in the subsequent 
Gate sheets, letter symbo!s and abbreviations will 
be used in discussing electrical characteristics and 
specifications. The symbols used in this book, and 
their definitions, sre listed on the preceding peges. 


MAXIMUM RATINGS 


The timit parameters beyond which the life 
of the devices may be impaired are given in Figure 
4a. In addition, Table 4b provides certain limits 
which, if exceeded, will not demage the devices, 
but could degrade the performance below that of 
the guaranteed specifications. 


MECL TRANSFER CURVES 


For MECL logic getes, the dual (complemen- 
tary) outputs must be represented by two transfer 
curves: one to describe the OR switching action 
end one to describe the NOR switching action. A 
typical! transfer curve and atsocieted cata for all 
MECL families is shown in Figure 5. 

it 1s Not Necessary to Measure transfer curves st 
afl points of the curves. To guarantee correct 
Operation it is sufficient merely to measure two 
sets of min/max logic level parameters. 


FIGURE 4a — LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED 


aes Fas eae 
vee 


Oto VEE 


ow-20 | = 
~55 to +150 
165) 


NOTES: @)input voltage limit is Vcc to -2 volts when bus is used as an input and the output drivers 


are disabled. 


Maximum Ty may be exceeded (< 250°C) for short periods of time (< 240 hours) without 


significant reduction in device life. 


@) Except MC1666 — MC1670 which have maximum junction temperatures = 145°C. 
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MECL 10,000 10800 LSI 


MC: -30 to +85 
MCN: 0 to 76 


ee ee 
(MC 1648M) 

MC: -4 68 to -§.72 

MCM: -494 to -6.46 


50 to-20 vac | 50 wo -20 Vad 
100 R 10 -20 Vde 11002 to -2.0 Vac 


@Functionsiity onty. Date sheet limits are specified for -5.2 V 1 0.010 V. 


~-4.68 to -6.72 -4.68 to -§.72 


@) 10 as maximum limit for MC1690, MC1697, and MC1699. 
© E xcept C1648 which hes en internal output pulldown resistor. 
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State 
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FIGURE 5 — MECL TRANSFER CURVES (MECL 10,000 EXAMPLE) 
and SPECIFICATION TEST POINTS 


The first set is obtained by applying test voilt- 
opts, Vit min 090 Ving mex (sequentially) to the 
gate inputs, end measuring the OR and NOR out- 
put levels to meke sure they ere between Vo. 
max 9d VOL min. 99d VOHman 996 VOHmin 
apecifications. 

The second set of logic level perameters relates 
to the switching thresholds. This set of deta is 
distinguished by en “A” in symbol! subscripts. A 
test voltegs, ViLA max. '8 applied to the gete and 
the NOR and OR outputs sre measured to see 
that they are shove the VOHA min and below the 
VOLA max levels, respectively. Similer checks are 
made using the test input voltage Vina min- 

The result of these specifications insures that: 

a) The switching threshold (~ Vag) felis within 
the darkest rectangle: i.e. switching does not begin 
outside this rectangle; 

b) Quiescent logic levels fell in the lightest 
sheded renges; 

c) Guaranteed nolse immunity le met. 
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Figure 6 shows the guaranteed MECL 10,000 | 


end MECL II! logic levels and switching thresholds 
over specified temperature ranges. As shown in the 
Figure Ge Typical Transfer Curves, MECL outputs 
rise with increasing ambient temperature. All cir- 
cuits in each family have the same worst-case out- 
put level specifications regardless of power dissi- 
pation or junction temperature differences to 
reduce loss of noise margin due to thermal dif- 
ferences. 


All of these specifications assume -5.2 V power 
supply operation. Operation at other power-supply 
voltages is possible, but will result in further trans- 
fer curve changes. Transfer characteristic data ob- 
tained for a variety of supply voltages are shown in 
Figure 7. The table sccompanying these graphs in- 
Gicates the change retes of output voltages as a 
function of power supply volteges. 


— ———— oe 
— -~- naan __ sea 


2 Ae A a ON He ERIN ree oe ON RRS gg $+ em oe 


ee ee ee 


ee ee ere ee te eee 


TRANSFER DATA FOR TEMPERATURE VARIATIONS 


FIGURE 6a — TYPICAL TRANSFER 
CHARACTERISTICS AS A FUNCTION 
OF TEMPERATURE 
(See tables below for data) 


OUTPUT VOLTAGE .1 350 
(VOLTS) 


16 -94 -127 -190 


INPUT VOLTAGE (VOLTS) 


wre 0 wed 


MC10100 | MCM10100 | MC10100 | _MC10500 | MCM10100 | MC 10100 | MC 10500 
MC10200 mC10200 | MC10600 MC.10200 | MC 10600 
MC10800 MC.10800 | MCM10500 MC 10800 |MCM 10500 
-0.700 


-0 6390 


VitAmex 


VOLAmax 
VOtmax 
Vit min " VoL min) 
Vitmin UNEmin 
NOTES (1)MC10500, MC 10600, end MCM10500 series specified driving 100 M2 10-2.0 V. 
mC10100, MC 10200. and MC10800 series specifred Griving 50 N to -20V. 
Pe aeascas (MCM10100) specified O- 75°C for commercial tempersture range, 60 ft to -2.0 V. Miltary temperature 
range memories (MCM 10500) specified per Note 1. 
Special carcunts such as MC10123, MC10118, MC10118, and MC10800 femity bus outputs have lower then normel 
VOL min. See individual data sheets for specific velues. 


Each MECL 10,000 sertes device has been designed to meet the dc specifications shown in the test tedie, afer thermal paces 
has been established The circuit 1s on 8 test socket oF mounted on 8 printed circuit board and transverse sittlow grester then 
linear fpm is maintained. Veg 2 ~5.2 V 2 0.010 V. 


FIGURE 6b — MECL 10,000 DC TEST PARAMETERS 


ELECTRICAL CHARACTERISTICS 

Each MECL I1! sores Covice Nas been designed to meet the de wpeciti- 
cation shown in the wet tebdle, after thermal equilibem Rae teen 
estavilemed The circuit i in @ leet eochet or mounted On @ printed 
circuit boerd end transverse ertiow greater then B00 linser fpm 6 
mainteined. Veg ° -8.2 V1 0.10 V 


Vinamin 
VitAmen 


NOTE All outputs loaded 80 1 to -2.0 Voc except MC 1648 which 
Nee en internal outeut pulldown resistor 


FIGURE 6c — MECL I! OC TEST PARAMETERS 
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TRANSFER DATA FOR POWER SUPPLY VARIATIONS 


Vous OUTPUT VOLTAGE IVOLTS) 
- 
® 
] 


32-20-24 -20 -16 -t2 08 -04 
Vin. INPUT VOLTAGE (VOLTS) 


FIGURE 7e — MECL 111/10,000 “OR” 
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MECL 10,000° MECL ttl M10800 LS! 
Ta¥ouavee | ono 


"ana subsets: 10,200. 10,500: 10.600. 
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Vout. OUTPUT VOLTAGE (VOLTS) 


Vin. INPUT VOLTAGE [VOLTS) 


FIGURE 7b — MECL 111/10,000 “NOR” 


FIGURE 7C — TYPICAL LEVEL CHANGE RATES 
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Vag (switcnmng threshold) 
Specification Points for Determining Note Margin 
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NOISE MARGIN 


“Nowe margin’ is e measure of a logic circuit's 
resistance to undesired switching, MECL noise 
margn is defined in terms of the specification 
Points surrounding the switching threshold. The 
critical parameters of interest here are those desig- 
nated with the “A” subscript (VowA min. VOLA 
max. VIHA min: VILA mex! in the transfer charac- 
terstic curves. 


Worst-Case de 
Noise Margin 


. High Nose VOHA mn 
Vina min 


Av = Low Norse { Vitaman 


Margin VOLA men 


Noise Margin Computations 


Guaranteed 
Typical de 
Noise Margin 


All MECL 10,000 
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FIGURE 8 — MECL Noise Margin Data 


Guerenteed noise margin (NM) is defined as 
follows: 


NMHIGH LEVEL @ VOHA min - VIHA min 
NM_ Ow LEVEL @ VILA max ~ VOLA max 


To see how noise margin is computed, assume @& 
MECL gate drives a similar MECL gate, Figure 8. 

At @ gate input (point B) equal to Vit A max. 
MECL gate #2 can begin to enter the shaded transi- 
tion region. 


ae, a Eg EETEN ms + eRe «ann a 


This is a ‘“‘worstcase’’ condition, since the 
VOLA max specification point guarantees that 
no device can enter the transition region before an 
input equal to ViLA max is reached. Clearly then, 
VILA max i$ One critical point for noise margin 
computation, since it is the edge of the transition 
region. 

To find the other critical voltage, consider the 
output from MECL gate #1 (point A). What is the 
most positive value possible for this voltage (con- 
sidering worst case specifications)? From Figure 8 

' it can be observed that the VOLA max specifi- 
cation insures that the LOW state OR output from 
gate =1 can be no greater than VOLA max. 

Note that VOLA max is more negative then 
ViLA max. Thus, with VOLA max at the input 
to gate #2, the transition region is not yet 
reached. (The input voltage to gate #2 is still to 

| the left of ViLA max on the transfer curve.) 

In order to ever run the chance of switching 

| gate *2, we would need an additional voltage, 
: to move the input from VOLA max to VILA 
max: This constitutes the “‘safety factor’ known 
j as noise margin. It can be calculated as the magni- 
| tude of the difference between the two specifica- 
' tion voltages, or for the MECL 10,000 levels 
| shown: 
! 
! 


NMLOw = ViLA max ~ VOLA max 
= -1.475 V — (-1.630 V) 


= 155 mV. . 
Similarly, for the HIGH state: 
NMHIGH * YVOHA min — VIHA min 
: » -0.980 V — (-1.105 V) 

; = {25 mV 


Analogous results sre obtained when consider- 
ing the “NOR” transfer data. 

Note that these noise margins are absolute 
worst case conditions. The lesser of the two noise 
margins is that for the HIGH stete, 125 mV. This 
then, constitutes the guaranteed margin against 
signal undershoot, snd power of thermal dis- 
turbances. 

As shown in the teble, typical noise margins 
are usually better than guaranteed — by about 75 
mv. 


Overshaot \ 
Undershoot 


ee 


MECL WAVEFORM TERMINOLOGY 


! 
90% sox Vout NOR 
Vout | 10% Vout 20% 
~ t aon tt “<< oo te 
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MECL III Rise and Fall Times MECL 10,000 Rise and Fall Times 


Noise margin is 2 dc specification that can be 
cetculated, since it is defined by specification 
points tabulated on MECL date sheets. How- 
ever, by itself, this specification does not give a 
complete picture regarding the noise immunity of 8 
systern built with e perticuler set of circuits. Over- 
all system noite immunity involves not only noise- 
margin specifications, but elso other circuit-reteted 
factors that determine how difficult it is to apply e 
noise signal of sufficient magnitude end duration 
to ceuse the circuit to propagete 8 false logic state. 
in genere!, then, noise immunity involves line im- 
pedances, circuit output impedances, and propags- 
tion delay in addition to noise-margin specifica- 
tions. This subject is discussed in greater detail in 
Application Note AN-592. 


AC OR SWITCHING PARAMETERS 


Time-dependent specifications are those that 
define the effects of the circuit on a specified in- 
put signal, as it travels through the circuit. They 
include the time delay involved in changing the 
output level from one fogic state to another. 
In addition, they include the time required for the 
output of a circuit to respond to the input signal, 
designated ss propagation delay, or access time, in 
the case of memories. Since this terminology has 
varied over the years, and beceute the “conditions” 
associsted with @ particular parameter may differ 
among logic families, the common MECL weve- 
form end propegation delay terminologies are 
depicted in Figure 9. Specific rise, fall, and prop- 
agation delay times are given on the date sheet 
for each specific functional block, but like the 
transfer characteristics, ac psrameters are tempers- 
ture end voltage dependent. Typical variations for 
MECL 10,000 are given in the curves of Figure 10. 


SETUP AND HOLD TIMES 


Setup and hold times are two ec Parameters 
which can easily be confused unless clearly defined. 
For MECL logic devices, tgequp is the minimum 
time (50% — 50%) before the positive transition of 
the clock pulse (C) that information must be pres- 


Vour OR 
Low Level 


“Also designated tog 


MECL Propagetion Delay 


FIGURE 9a — TYPICAL LOGIC WAVEFORMS 
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FIGURE 9b — MEMORY CHIP SELECT ACCESS TIME WAVEFORM 


FIGURE 9c — MEMORY ADORESS ACCESS TIME WAVEFORM 
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FIGURE 108 — TYPICAL PROPAGATION DELAY t-- versus 


Vee AND TEMPERATURE (MECL 10,000) 
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FIGURE 10c — TYPICAL FALL TIME [80% to 10%) versus 
TEMPERATURE AND SUPPLY VOLTAGE IMECL 10,100) 
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FIGURE 108 — TYPICAL PROPAGATION DELAY t++ versus 


Vee AND TEMPERATURE (MECL 10,000) 


ee, RISE TIME ina) 


-3.6 44 -$.2 -60 -66 
Veg. SUPPLY VOLTAGE (VOLTS) 


FIGURE 10d — TYPICAL RISE TIME (10% to 90%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10,100) 


sent at the Dats input (D) to insure proper opere- 
tion of the device. The thoig is defined similarly as 
the minimum time after the positive trensition of 
the clock pulse (C) that the information must 
remain unchanged st the Data input (DO) to insure 
proper operation. Setup and hold weveforms for 
logic devices are shown in Figure 118. 


FIGURE 11a — SETUP AND HOLD WAVEFORMS 
FOR MECL LOGIC DEVICES 


For MECL memory devices, tsetup is the mini- 
mum time before the Negative transition of the 
write enable pulse (WE) that information must be 
Present at the chip select (CS), Data (0), end 
address (A) inputs for proper writing of the select- 
ed cell. Similarly thoig is the minimum time after 
the positive transition of the write enable pulse 
(WE) that the information must remain unchanged 


at the inputs to insure proper writing. Memory 
setup end hold weveforms are shown in F igure 
Wb. 

In specifying devices, Motorola establishes and 
guarantees vaiues (shown as minimums on the data 
sheets) for tserup 89d thoig. For most MECL cir- 
Cults, Proper device operstion typically occurs with 
the inputs present for somewhat less time than that 
specified for teetup 89d thoig. 


TESTING MECL 10,000 end MECL 111 


To obtain results correlating with Motorols cir- 
Cuit specifications certain test techniques must be 
used. A schematic of a typical gate test circuit is 
shown in Figure 1238, and @ typical memory test 
Circuit in Figure 12b. 

A solid ground piene is used in the test setup, 
end cepecitors bypass Vocy, Vccz, end VEE pins 
to ground. All power leads and signal leads ore 
kept es short as possible. 

The sampling scope interface runs directly to 
the 50-cohm inputs of Channet A snd B vie 50- 
ohm coaxial cable. Equel-length cosxis! cables 
must be used between the test set and the A and 
8B scope inputs. A 60-ohm coax cable such as 
RGS58/U or RGIBBAIU, is recommended. 

Interconnect fittings should be 50 ohm GA, 
BNC, Sealectro Conhex, of equivalent. Wire length 
should be < % inch from TP, to input pin and 
TP out tO Output pin. 


FIGURE 11b — SETUP ANO HOLD WAVEFORMS 
FOR MECL MEMORIES (WRITE MODE) 


Write Enenie 
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The pulse generator must be capable of 2.0 ns 
rise and fall times for MECL 10.000 and 1.5ns for 
MECL If. In addition, the generator voltage must 
have an offset to give MECL signal swings of 
2400 mV about 2 threshold of 0.7 V when 
Vcc * +20 V and Veg = -3.2 V for ac testing of 
logic devices. 

The power supplies are shifted +2.0 V, so thet 
the device under test has only one resistor value to 
load into — the precision 50-ohm input impedance. 
of the sampling oscilloscope. Use of this technique 
vields a close correlation between Motorola and 
customer testing. Unused outputs are loaded with @ 
SO-ohm resistor (100-ohm for MIL temp devices} 
to ground. The positive supply (Vcc) should be 
Gecoupled from the test board by RF type 25 uF 
capacitors to ground. The Vcc pins are bypessed 
to ground with 0.1 wF, as ts the Vee pin. 

Additional information on testing MECL 
10,000 and understanding date sheers is found in 
Application Notes AN-579 and AN-701. 


° Merc hes $6 erm coos 
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devices only. ey ay 
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NOTE: All power supply fevels are shown shifted 
2 volte positive. 


FIGURE 12a — MECL LOGIC SWITCHING 
TIME TEST SETUP 
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FIGURE 12> — MECL MEMORY 
SWITCHING TIME TEST CIRCUIT 
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SECTION fli — OPERATIONAL DAT. 


POWER SUPPLY CONSIDERATIONS 


MECL circuits are characterized with the Vcc 
Point st ground potential and the VEE point st 
-5.2 V. While this MECL convention is not neces- 
sarily mandatory, it does result in Maximum noise 
immunity. This ts so because any noise induced on 
the Veg fine is applied to the circuit as @ common. 
mode signa! which is rejected by the differential 
action of the MECL input circuit. Nowe induced 
into the Vcc line is not cancelled out in this 
fashion. Hence, @ good system ground at the Vcc 
bus ts required for best noe immunity. 

Power supply regulation which will achieve 10% 
regulation or better at the device level is recom- 
mended. The -5.2 V power supply potential will 
result in best circuit speed. Other values for Veg 
may be used. A more negative voltage will increase 
norse margins at a cost of increased power dissipa- 
tion. A tess negative voltage will have just the. 
opposite effect. 

On togic cards, @ ground plane or ground bus 
system should be used. A bus system should be 
wide enough to prevent significant voltage drops 
between supply and device and to produce a tow 
source inductance. 

Although little power supply noise is generated 
by MECL logic, power supply bypass capacitors are 
recommended to handie switching currents caused 
by stray capacitance and asymmetric circuit 
loading. A parallel combination of a 1.0 uF end 
8 100 pF capacitor at the power entrance to the 
board, and 3a 001 uF low-inductance capacitor 
between ground and the -5.2 V line every four 
to six packages, are recommended. 

Most MECL 10,000 and MECL II circuits have 
two Vcc leads. Vcc y supplies current to the out- 
Put transistors and Vcc? is connected to the 
circuit logic transistors. The separate Vcc pins 
reduce cross-coupling between individual circusts 
within a package when the outputs sre driving 
heavy loads. Circuits with large drive capability, 
similar to the MC10110, have two Vcocy pins. All 
VCC Pins should be connected to the ground plane 
or ground bus as close to the package as possible. 

For further discussion of MECL power supply 
considerations to be made in system designing, see 
MECL System Design Handbook. 


POWER DISSIPATION 


The power dissipation of MECL functional 
blocks is specified on their respective data sheets. 
This specification does not include power dis- 
sipated tn the output devices due to output ter- 
mination. The omission of internal output pull- 
down resistors permits the use of external ter- 


’ 


- oe eee 


minations designed to yield best system perfor- 
mance. To obtain tote! operating power dissipation 
of a particular functional block in 8s system, the 
dissipation of the output transistor, under load, 
must be added to the circuit power dissipation. 

The table in Figure 13 lists the power dissipation 
in the output transistors plus that in the external 
terminating resistors, for the more commonly used 
termination values and circuit configurations. To 
obtain true package power dissipation, one output- 
transistor power-dissipation vaiue must be added 
t0 the specified psckage power dissipation for each 
external termination resistor used in conjunction 
with that package. To obtain system power da- 
sipation, the stated dissipation im the external 
terminating resistors must be added as weil. 
Unused outputs draw no power and mey be 
ignored. 


150 ohms to -2 0 Vde 


100 ohms to -2 0 Vdc 


SiO ohms to Veg | 
270 ohms to Veg 


82 ohms to Vcc end 
130 ohms to Veg 


FIGURE 13 —- AVERAGE POWER DISSIPATION 
IN OUTPUT CIRCUIT WITH EXTERNAL 
TERMINATING RESISTORS 


The power dissipation of MECL functional 
Blocks veries with both temperature and VEE. 
Typical variations are shown in Figure 14. The 
graph is normalized so that it applies to ett MECL 
lines. The reference temperature is 25°C and 
the reference power is obtained by. multiplying the 
typical fe velue (tote! power supply drain current 
specified on the data sheet) by Veg (5.2 V). For 
those devices where only the maximum velve of 
le & wecified on the deta sheet, typical power 
dissipation is approximately BO% of that calculated 
with the fE (mex) specification. 
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FIGURE 14 —- NORMALIZED POWER 
DISSIPATION versus TEMPERATURE 
AND SUPPLY VOLTAGE 


LOADING CHARACTERISTICS 


The differential input to MECL circuits offers 
several advantages. its common-mode-rejection 
feature offers immunity against power-supply 
none injection, and its relatively high input 
wmmpedance makes it possible for any circuit to 
Grive a relatively large number of inputs without 
deterioration of the guaranteed noise margin. 
Hence, dc fanout with MECL circuits does not 
normally present a design problem. 

Graphs showing typical output voltage levels 
8s a function of toad current for MECL 318 and 
10,000 are shown in Figure 15. These graphs can 
be used to determine the actual output voltages for 
loads exceeding normal operation. 

White dc loading causes a change in output 
woltage levels, thereby tending to affect noise 
margins, ac loading increases the capacitances 
associated with the circuit and, therefore, affects 
Circust speed, primarily rise and fall times. 

MECL 10,000 and MECL II circuits typicatly 
have a 7 ohm output impedance and are relatively 
unattected by capacitive loading on 8 positive- 
go0Ing Output signal. However, the negative-going 
edge is dependent on the output pulldown or 
termination resistor. Loading close to s MECL 
Guiput pin will cause an sdditional propagation 
delay of 0.1 ns per fanout load with ea 50 ohm 
resistor to -2.0 Vde or 270 ohms to -5.2 Vae. 
A 100 ohm resistor to -2.0 Vde or 510 ohms 
to -5.2 Vde results in an additional 0.2 ns propaga- 
tion delay per fanout load. 
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FIGURE 15 — OUTPUT VOLTAGE LEVELS 
versus DC LOADING 


Terminated transmission fine signal inter- 
connections are used for best MECL 10,000 or 
MECL Il! system performance. The propagation 
delay and rise time of a driving gate are affected 
very little by capacitance loading along a matched 
peratiel-terminated transmission line. However, the 
delay and characteristic impedance of the trans- 
mission line itself are affected by the distributed 
Capacitance. Signal propagation down the line will 
be increased by a tector, Vf 1+Cy/Co. Here Ca is 


the normal intrinsic line capacitance, and Cq is the. 


distributed capacitance due to loading and stubs 
off the line. : 

Maximum allowable stub lengths for loading off 
of a MECL 10,000 transmission line vary with the 
line impedance. For example, with Z, = 50 ohms, 
maximum stub length would be 4.5 inches {1.8 in. 
for MECL Itt). But when Z, = 100 ohms, the 
meximum allowable stub length is decreased to 
2B inches (1.0 in. for MECL If). 

The input loading capacitance of aMECL 10,000 
gate is about 2.9 pF and 3.3 pF for MECL II. To 
aliow for the {C connector or solder connection 
and a short stub length, 5 to 7 pF is commoniy 
used in loading calculations. 


UNUSED MECL INPUTS 


The input impedance of a differential amplifier, 
as used in the typical MECL input circuit, 18 very 
high when the applied signal tevel is tow. Under 
low signal conditions, therefore, any leakage to the 
input Capacitance of the gate could cause a gradual 
buildup of voltage on the input lead, thereby 
adversely affecting the twitching characteristics 
at low repetition rates. 

All single-ended input MECL logic circuits 
contain input pulldown resistors between the input 
transistor bases and Vege. As a result, unused 
inputs May be left unconnected (the resistor pro- 
vides a sink for icao leakage currents, and inputs 
are held sufficiently negative that circuits will not 
trigger due 10 noise coupled into such inputs). 
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input pulldown resistor values are typicetly 50 
kN and sre not to be used as Pulldown resistors 
for preceding open-emitter outputs. 

Several MECL devices do not heave input 
Dulldowns. Examples ere the differential line 
receivers. If @ single differential receiver within @ 
Package it unused. one input of that receiver must 
be tied to the Vag pin provided, and the other 
input goes to Veg Also. several MECL memories 
do not have input pulldowns on al! inputs. 

Several MECL circuits do not Operate properly 
when inputs sre connected to Vcc for a HIGH 
logic level. Proper design practice is to set a HIGH 
level as about -0.9 volts below VCC with a resistor 
Givider, a diode drop, or an unused gate output. 


THERMAL MANAGEMENT 


Cirevit performance and long-term circu 
relability are affected by dre temperature. Nor- 
mally, both sre wmproved by keeping the IC 
junction temperatures low. 

Etectrical power dissipated in any integrated 
Circurt 1s @ source of heat. This heat source increases 
the temperature of the dre relative to some refer- 
ence point, normally the ambrent temperature of 
25°C in still air. The temperature increase, then, 
depends on the amount of power dissipated 
in the circuit and on the net thermal resistance 
between the heat source and the reference point. 

The temperature at the junction is @ function 
of the packaging and mounting system's ability 
to remove heat generated in the crrcuit—from the 
junction region to the ambient environment. 
The basic formuia (a) for converting power dissi- 
pation to estimated junction temperature is: 


Ty= Ta + Pole yc + ca) (1) 


or N 
Ty* Ta * Po (65a) (2) 


where 


Ty = maximum junction temperature 

Ta * maximum ambient temperature 

Pp * caiculated maximum power dissipation 
including effects of external loads (see 
Power Oissipation in sectron Ii). 


SECTION IV — SYSTEM DESIGN CONSIDERATIONS 


OC = average thermal resistance, junction 
to case 

Sca © average thermal resistance, case to 
ambient 

Oya * average thermal resistance, junction 
to ambient 


This Motorola recommended formula has been 
approved by RADC and DESC for caiculating 
8 ‘practical’ maximum operating junction tem- 
perature for MIL-M-38510 (JAN) MECL 10,000 
devices. ‘ 

Only two termson the right side of equation (1) 
can be varied by the user—the ambient temperature, 
and the device case-to-ambient thermal resistance, 
Scapa. (To some extent the device power dissipation 
can be also controiled, but under recommended 
use the Vee supply and loading dictate a fixed 
power dissipation.) Both system air flow and the 
package mounting technique affect the @cp 
thermal resistance term. 8 jc is essentially indepen- 
dent of ai flow and external mounting method, 
but i¢ sensitive to package material, die bonding 
method, and die area. ; 

For applications where the case is held at 
essentiaiiy @ fixed temperature by mounting on 
8 large or temperature-controiled heat sink, the 
estimated junction temperature is calculated by: 


Ty * TE + PH (6 yc) (3) 


FIGURE 16 — THERMAL RESISTANCE VALUES FOR STANDARD MECL IC CERAMIC PACKAGES 
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where Tc = maximum case temperature and the 
other parameters are as previously defined. 

The maximum and average thermal resistance 
values for standard MECL IC packages are given 
in Figure 16. In Figure 17, this basic data is con- 
verted into graphs showing the maximum power 
Aissipstion aiiowable at various ambient tempera- 
tures (still air) for circuits mounted in the different 
packages, taking into account the maximum per- 
missible operating junction temperature for long 
term tife (> 100,000 hours). 


MAXIMUM ALLOWED POWEA DISSIPATION (nig 


so ga* 75° too 82809 78@ 2008 
Ty. AMBIENT TEMPERATURE - STILL AIR (9C) 


FIGURE 17a — AMBIENT TEMPERATURE DERATING 


CURVES (CERAMIC DUAL.-IN-LINE PKG) 
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FIGURE 17b — AMBIENT TEMPERATURE DERATING 


CURVES (CERAMIC FLAT PKG) 


‘AIR FLOW 


The effect of air flow over the packages on 6 ya 
(due to @ decrease in 8c) is illustrated in the 
graphs of Figure 18. This air flow reduces the 
thermal resistance of the package, therefore 
permitting @ corresponding increase in power dissi- 
pation without exceeding the maximum permissible 
Operating junction temperature. 

As an example of the use of the information 
sbove, the maximum junction temperature for 
@ 16 tead ceramic dual-in-line packaged MECL 
10,000 quad OR/NOR gate (MC10101L) toaded 
with four 50 ohm loads can be calculated. Maxi- 
mum total power dissipation (including 4 output 
loads) for this quad gate is 195 mW. Assume for 
this thermal study that air flow is 500 linear feet 
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per minute. From Figure 18, Fy, is SOOC/W. With 
Ta lair flow temperature at the device) equal to 
25°C, the following maximum junction temper- 
Sture results: 


Ty" POG yal+ Ta 
T y= (0.195 W) (SO°C/W + 250°C = 34.89C 
Under the sbove opersting conditions, the 


MECL 10.000 qued gate has its sunction elevated 
above ambient temperature by only 98°C. 


Oya, AVERAGE THERMAL RESISTANCE OCA 


AIRFLOW Ip} 


FIGURE 182 — AIRFLOW versus THERMAL 
RESISTANCE (CERAMIC DUAL-IN-LINE PKG} 


Oy AV 
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FIGURE 18b — AIRFLOW versus THERMAL 
RESISTANCE (CERAMIC FLAT PKG) 


Even though different device types mounted 
ON 8 printed circuit board may each have different 
power dissipations, ell will have the same input and 
output levels provided that each is subject to 
identical gir flow and the same ambient sir 
temperature. This eases design, since the only 
change in leveis between devices is due to the 
increase in ambient temperatures as the sir passes 
over the devices, or differences in ambient tem- 
perature between two devices. 

The majority of MECEL 10.000, 10800, and 
MECL ttl users employ some form of air-flow 
cooling. As ew pesses over each device on a printed 
circuit board, it absorbs heat from each package. 
This heat gradient from the first package to the last 
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package is a function of the air flow rate and 
~ individual peckage dissipations. Figure 19 provides 
gradient data at power levels of 200 mW. 250 mw, 
300 mW, and 400 mW with an air fiow rate of 
500 ifpm. These figures show the proportionate 
increase in the junction temperature of each dual 
in4tine peckage as the sit passes over each device. 
For higher rates of air Now the change in junction 
temperature from package to package down the 
airstream will be lower due to greater cooling. 


05". Aw tow 16 500 tom slong the Z ania. 


FIGURE 19 — THERMAL GRADIENT OF 
JUNCTION TEMPERATURE 
(16-Pin MECL Oual In-Line Package) 


THERMAL EFFECTS ON NOISE MARGIN 


The data sheet de specifications for standard 
MECL 10.000, 10800, and MECL Ill devices are 
given for an operating temperature range from 
-30°C to +85°C (0° to *75°C tor memories) in 
Figure Gb and Ge of Section ti, TECHNICAL 
DATA. These values are based on having an airflow 
of 500 !fpm over socket or P/C board mounted 
packages with no special heat sinking (i.e., dual-in- 
hhne package Mounted on lead seating plane with 
NO contact between bottom of package and socket 
or P/C board and fiat package mounted with 
bottom in direct contact with non-metallized area 
of P/C board). Under these conditions, adequate 
cooling is provided to keep the maximum operating 
junction temperatures below 145°C for MECL I! 
device types 1666-1670 and below 165°C for all 
other MECL device types. 

The designer may want to use MECL Gdevices 
under conditions other than those gven above. The 
maarity of the low-power device types may be 
used without air and with higher 5y,. However, 
the detigqner must bear in mind that junction 
temperatures will be higher for higher Fj,, even 
though the aminent temperature ts the same. 
Higher juncuon temperatures will cause logic 
levels to shift. 

As an example, 9 300 mW 16 lead dual-in-ine 
ceramic device operated at Fyq = 100°C/W {in 
stell atc) shows @ HIGH loge tevel shift of about 
21 mV above the HIGH logic level when operated 
with 500 Ifpm ar flow and a Oj, = SO°C/W. 
(Level shift = Ty x 1.4 mv/°C). 

if toge tevels of individual devices shift by 


Afferent amounts (depending on Pp and 4 ja), 


Noise margins sre somewhat reduced. Therefore, 
the system designer must lay out his system 


bearing in mind that the mounting procedures to 


be wuwsed should minenize thermal effects on 
noise Margin. 
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The following sections on package mounting and 
heat sinking are intended to provide the designer 
with sufficent information to insure good noise 
mergins and high reliability in MECL system use. 


MOUNTING AND HEAT SINK SUGGESTIONS 


With large high-speed logic systems, the use 
of multilayer printed circuit boards is recom. 
mended to provide both a better ground plane and 
@ good thermal path for heat dissipation. Also, @ 
multilayer board silows the use of microstrip line 
techniques to provide transmission line inter- 
connections. 

Two-sided printed circuit boards may be used 
where board dimensions and package count are 
small. If possible, the Vcc ground plane should 
fece the bottom of the package to form the 
thermal conduction plane. If signal lines must be 
pleced on both sides of the board, the Veg plane 
may be used as the thermal plane, and at the same 
time may be used as a pseudo ground piane. The 
pseudo ground plane becomes the ac ground 
reference under the signal lines placed on the same 
side as the Vcc ground plane {now on the opposite 
side of the board from the packages), thus main- 
taining @ microstrip signal line environment. 

Two-ounce copper P/C board is recommended 
for thermal conduction and mechanical strength. 
Also, mounting holes for low power devices may 
be countersunk to allow the package bottom to 
contact the heat plane. This technique used along 
with thermal paste will provide good thermal 
conduction. 

Printed channeling i a useful technique for 
conduction of heat away from the packages when 
the devices are soldered into a printed circuit 
board. As illustrated in Figure 20, this heat dis- 
Sipation method could also serve as Vee voltage 
distribution or as a ground bus. The channels 
should terminate into channel strips at each side 
or the rear of 8 plug-in type printed circuit board. 
The heat can then be removed from the circuit 
board, or board slide rack, by means of wipers 
that come into thermal contact with the edge 
channels. 


FIGURE 20 —- CHANNEL/WIPER 
HEAT SINKING ON DOUBLE LAYER BOARD 
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For operating some of the higher power device 
types® in 16 lead dual-in-line packages im still sir, 
requiring ya < 100°C/W, ao suitable heat sink is 
the 1ERC LIC-214A2WCB shown in Figure 21. 
This sink reduces the still sir Bya to around 
55°C/W. By mounting this heat sink directly on § 
copper ground plane (using silicone paste) and 
passing 500 Ifpm air over the packages, Oya is 
reduced to approximately 35°C/W, permitting use 
at higher ambient temperatures than +85°C 
(¢75°C tor memories) or in lowering TJ for im- 
proved reliability. 


rT ~~ Mounting 
Screws 


Retainer Clip 


Heet Dreap stor 
1ERC.LIC-214A2WCB 


Mutti-Leyer 
PC Board 


FIGURE 21 ~- MECL HIGH-POWER 
DUAL-IN-LINE 
PACKAGE MOUNTING METHOO 

tt should be noted that the use of 9 heat sink 
on the top surface of the duat-in-line package 1s not 
very effective in lowering the Oya. This is due to 
the location of the die near the bottom surface of 
the package. 

Also, very littie (< 10%) of the internal heat is 
withdrawn through the package leads due to the 
isolation from the ceramic by the solder glass 
seals and the limited heat conduction from the die 
through 1.0 to 1.5 mil aluminum bonding wires. 


INTERFACING MECL TO 
SLOWER LOGIC TYPES 


MECL circuits are interfaceable with most 
other logic forms. For MECL/TTL/DTL inter- 
faces, when MECL is operated at the recommended 
-5.2 volts and TTL/DTL at +5 V supply, currently 
available translator circuits, such as the MC10124 
and MC10125, may be used. 

For systems where a dual supply (~5.2 V end 
+5 V) is not practical, the MC12000 inciudes a 
single supply MECL to TTL and TTL to MECL 
translator, or a discrete component transiator can 
be designed. For details, see MECL System Design 
Handbook. Such circuits can easily be made fast 
enough for any available TTL. 

MC1654, 1678, 1694, 10128, 10129. 10136, 10137, 
10177, 10182, end 10804. Mex Pp) > 800 mw. 


MECL also interfaces feadily with MOS. With 
CMOS operating at +5 V, any of the MECL to 
TTL transistors works very well. On the other 
hand, CMOS will drive MECL directly when using 
8 common -5.2 V supply. 

Specific circuitry for use in imerfacing MECL 
famadses to other logic types is given in detail in the 
MECL System Design Handbook. 

Compiex MECL 10,000 functions sre presently 
Bveitable to interfece MECL 10.000 with MOS 
logic, MOS memores, TTL three-state circurts, 
and IBM bus logic tevelts. See Application Note 
AN-720 tor additional interfacing information. 


CIRCUIT INTERCONNECTIONS 


Though not necessarily essential, the use of 
multilayer printed circuit boards offers a number 
of sdvantages in the development of high-speed 
logic cards. Not only do multileyer boards achieve 
a much higher peckage density, interconnecting 
leads ere kept shorter, thus minimizing propage- 
tion delay between packages. This i particularly 
beneficial with MECL Jl which has relatively fast 
(1 as) rise end fall times. Moreover, the unbroken 
ground pianes made possible with multileyer 
boards permit much more precise control of trans- 
Mission line impedances when these are used for 
interconnecting purposes. Thus multilayer boerds 
are recommended for MECL IIIf leyouts and are 
justified when operating MECL 10.000 at top 
circuit speed, when highdensity peckaging is 8 
requirement, or when transmission line inter- 
connects are used. 

Point-to-point beck-plene wiring without 
matched line terminations may be employed for 
MECL interconnections if line runs sre kept short. 
At MECL 10,000 speeds, this applies to line runs 
up to 6 inches, and for MECL {tl up to f inch 
(maximum open wire lengths for tess than 100 mV 
undershoot). But, because of the open-emitter 
outputs of MECL 10,000 and MECL 11) circuits, 
pull-down resistors are siweys required. Several 
ways of connecting such pulldown resistors are 
shown in Figure 22. 

Resistor vaiues for the connection in Figure 228 
may renge from 270 ohms to 2 kN depending on 
power and load requirements. (See MECL System 
Design Handbook.) Power may be saved by con- 
necting pull-down resistors in the range of 50 ohms 
(100 ohm minimum for MC10,500 and MC 10.600 
Series parts) to 150 ohms, to -2.0 Vide, as shown 
in Figure 22b. Use of 8 series damping resistor, 
Figure 22c, will extend permissible tengths of 
unmatched-impedance interconnections, with some 
loss of edge speed. 

With proper choice of the series damping 
retistor, line tengths can be extended to any 
length,°* while limiting overshoot and undershoot 
to 8 predetermined amount. Damping resistors 
usually range in value from 10 ohms to 100 ohms, 
depending on the line length, fanout, and line 
impedance. The open emitter-follower outputs of 
MECL Hit and MECL 10,000 give the system 
designer all possible line driving options. 


** Limited onty by he asttenuation and bend 
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FIGURE 22 — PULL-OOWN 
RESISTOR TECHNIQUES 


One major advantage of MECL over saturated 
logic 18 1ts capability for driving matched.impedance 
tranemission lines. Use of transmission tines retains 
Hgnal integrity over long distances. The MECL It! 
and MECL 10,000 emitter-follower output transis- 
tors will drive a 5O-ohm transmission tine (100 
ohms or greater for MECL 10,500 and MC10,600 
Serres) terminated to -20 Vdc. This ts the equi- 
vaient current load of 22 MA in the HIGH logic 
stste and 6 MA in the LOW state. 

Pasatiel termination of transmission ines can be 
Gone in two ways. One, as shown in Figure 23a, 
uses @ single resistor whose value is equal to the 
impedance (Z,) of the line. A terminating voltage 
(Vry) of -20 Vdc must be supplied to the 
terminating resistor. 

Another method of peraitel termination uses 
@ pare of resestors, RI and AZ. Figure 23b illustrates 
this method. The following two equations are used 
to calculate the values of R1 and R2: 


Rie 1.6 Zo 
R2=°=26 Zo 


Vrr (-20 Vv) 


FIGURE 238 — PARALLEL TERMINATED LINE 
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FIGURE 23b — PARALLEL TERMINATION 
— THEVENIN EQUIVALENT 


Another popular approach is the = series- 
terminated transmission tine (see Figure 24). This 
Giffers from paratiel termination in that only 
one-half the logic swing is propagated through the 
lines. The logic swing doubles at the end of the 
transmission line due to reflection on an open tine, 
again establishing 2 full logic swing. 


FIGURE 24 — SERIES TERMINATED LINE 


To maintain clean wave fronts, the input 
impedance of the driven gate must be much greater 
than the characteristic impedance of the trans- 
mission tine. This condition «s satisfied by MECL 


circuits which have high impedance inputs. Using — 


the appropriate terminating resistor (Rg) at point 
A (Figure 24), the reflections in the transmission 
line will be terminated. 

The advantages of series termination include 
ease of driving multiple series-terminated lines, low 
power consumption, and low cross talk between 
adjacent lines. The disadvantage of this system 
is that loads may not be distributed along the 
transmission tine due to the one-half logic swing 
present at intermediate points. 

For board-to-board interconnections, coaxial 
cable may be used for signal conductors. The 
termination techniques just discussed also apply 
when using coax. Coaxial cable has the advantages 
of good norse immunity and tow attenuation at 
high frequencies. No significant performance 
degradation occurs for lengths up to 20 feet for 
MECL 111, and up to 50 feet for MECL 10,000. 
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Twisted pair lines are one of the most popular 
methods of interconnecting cards or panels. The 
complementary outputs of any MECL Ul or 
MECL 10,000 function are connected to one end 
of the twisted pair line, and any MECL differential 
line receiver to the other ss shown in the example, 
Figure 25. Ry is used to terminate the twisted 
psir line. The 1 to 1.5 V common-mode noise 
rejection of the line receiver ignores common-mode 
cross talk, permitting multiple twisted peir tines 
to be tied into cables. MECL signals mey be sent 
very long distences (> 1000 feet) on twisted psir, 
although line attenuation will fimit bendwidth, 
Gegrading edge speeds when tong line runs 
are made. 
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FIGURE 25 — TWISTED PAIR LINE 
DRIVER/RECEIVER 


If timing is critical, paratiel signal paths (shown 
in Figure 26) should be used when fanout to 
several cards is required. This will eliminate 
distortion caused by long stub lengths off e 
signal path. 

Wire-wrepped connections can be used with 
MECL 10,000. For MECL 111, the fast edge speeds 
(1 ns) create a mismatch et the wire-wrap connec- 
tions which can cause reflections, thus reducing 
noise immunity. The mismatch occurs siso with 
MECL 10,000, but the distance between the 
wire-wrap connection and the end of the line is 
generally short enough so the refiections cause 
no problem. 


Cerda A 
Cora @ 


Cera C 
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FIGURE 26 — PARALLEL FANOUT TECHNIQUES 
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Series damping resistors may be used with wire- 
wrepped lines to extend permissible backplane 
wiring lengths. Twisted pair lines may be used 
for even longer distances across large wire-wrapped 
cards. The twisted peir gives e more defined 
characteristic impedance (than a single wire), end 
can be connected either single-ended, of differ- 
entially using a line receiver. 

The recommended wire-wrepped circuit cards 
heve @ ground plane on one side end 8 voltage 
plene on the other, to insure 8 good ground end 
@ stable voltage source for the circuits. in addition, 
the ground plene near the wire-wrepped lines 
lowers the impedence of those lines end facilitates 
termineting the line. Finally, the ground plene 
serves to minimize cross talk between perailel peths 
in the signal lines. Point-to-point wire routing is 
recommended beceuse cross talk will be minimized 
and line lengths will be shortest. Commercial 
wirewrap boards designed for MECL 10,000 
ere aveilable from several vendors. 


Microstrip and Stripline 

Microstrip and stripline techniques are used 
with printed circuit boards to form trensmission 
lines. Microstrip consists of @ constent-width 
conductor on one side of @ circuit board, with 
® ground plane on the other side (shown in Figure 
27). The characteristic impedance is determined 
by the width and thickness of the conductor, the 
thickness of the circuit board, and the dielectric 
constant of the circuit boerd material. 

Stripline is used with multitsyer circuit boerds 
as shown in Figure 27. Stripline consiets of o 
constant-width conductor between two ground 
planes. 

Refer to MECL System Design Handbook for 
@ full discussion of the properties and use of these 
lines. 
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FIGURE 27 — PC INTERCONNECTION 
LINES FOR USE WITH MECL 


* CLOCK DISTRIBUTION 
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Clock distribution can be 8 system problem. At 
MECL 10,000 speeds, either coaxis! cable or 
twisted pair tine fusing the MC10101 end 
MC10115) can be used to distribute clock Signais 
throughout 8 system. Clock line lengths should be 
controlled and matched when timing could be 
critical. Once the clocking signals arrive on card, 
8 tree distribution should be used for large-fenoyts 
at high frequency. An exemple of the application 
of this technique is shown in Figure 28. 
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SS two or three clock driver gates. 


synchronous sections of the system, line delays 
should be matched to within 1 ns. 

5. Paraliel drive gates should be used when 
clocking repetition rates are high, or when high 
capacitance loads occur. The bandwicth of a 


" MECL If gate may be extended by paratieling 


both halves of a dual ste. Approximately 40 or 
50 MHz bandwidth can be gained by paralleling 


iss 6. Fanout limits should be applied to clock 


m load per driver for best high 
performance. Avoi is at the end 
of lines greater than 3 inches. A lumped toad, if 
used, should be four or fewer loads. 

7. For wire-OR (emitrer dotting), two-way 
lines (busses) are recommended. To Produce such 
lines, both ends of 9 transmission line are ter- 
minated with 100-ohms impedance. This method 
should be used when wire-OR connections exceed 
1 inch apart on a drive line. 


8. Off-Card Clock Distribution 

1. The OR/NOR outputs of an MC1660 may 
be used to drive into twisted peir tines or into flat, 
fixed-impedance ribbon cable. At the far end of 
the twisted pair an MC1692 differential line 
receiver is used. The line should be terminated as 
shown in Figure 25. This method not only provides 
high speed, board-to-board clock distribution, but 
also provides systern noise Margin advantages. 
Since the line receiver operates independently of 
the Veg reference voltage (differential inputs) the 
noise margin from board to board is siso indepen- 
Gent of temperature differentials. ‘ 


LOGIC SHORTCUTS 


MECL circuitry offers several logic design 
conveniences. Among these sre: 

1. Wire-OR (can be produced by wiring MECL 
Output emitters together outside packages). 

2. Complementary Logic Outputs (both OR 
and NOR are brought out to package pins in most 
cases). 


An example of the use of these two features to 
reduce gate and package count is shown in Figure 
29. 


™. 


The connection shown saves several gate 
circunts over performing the same functions with 
non-ECL type logic. Also, the logic functions in 
Figure 29 are all sccomplished with one gate 
propagation delay time for best system speed. 
Wire-ORing permits direct connections of MECL 


circuits to busses. IMECL System Design Hand- ° 


book and Application Note AN-726). 


Propagation delay is increased approximately 
50 ps per wire-OR connection. In general, wire-OR 
should be limited to 6 MECL outputs to maintain 
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8 proper LOW logic tevel. The MC10123 is an 
exception to this rule because it has a special 
VOL level that allows very high fanout on e bus 
Or wire-OR line. The use of @ single output pull- 
down resistor is recommended per wire-OR, to 
economize ON Power dissipetion. However, two 
Pull-down resistors per wired-OR can improve fail 
times and be used for double termination of busees. 

Wire-OR should be done between getes in a 
peckage or nearby peckages to avoid spikes due to 
line propagation delay. This does not apply to bus 
lines which activate only one driver at 8 time, 


SYSTEM CONSIDERATIONS — A SUMMARY OF RECOMMENDATIONS 


Maximum Non-Transmission Line 
Length (No Damping Resistor) 


MSt/LS! Parts 


Maximum Twisted Pair Length 
(Differential Orive) 

The Ground Plane to Occupy - 
Percent Area of Card 


Compatible with MECL 10,000 


“At the devices. 
**Except special functions without input pull down resistors. 


e 


ene tO ke eine MECL 10,000 
Power Supply Regulation [10% or bere] 


On-Card Temperature Gradient Less Than 25°C 


Leave Open® ° 


Limited by Cable Response 
Only, Usually > 1000° 


Wire Wrap may be used 


10% or better® 


Limited by Cable Response 
Onty, Usualiy > 1000° 


Less Than 25°C 


Multilayer 


[Seacisi Cooling Requvemens |i } 
Yer fire OA 
Yes Yes (MS!) 
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FIGURE 28 — 64 FANOUT CLOCK DISTRIBUTION 
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Because of the very high clock rates encountered 
in MECL 11! systems, rules for clocking are more 


{ 

i 

t 

rigorous than in slower systems. c 

The following guidelines should be followed for 

best results: D C+O+E +E G ' 

A. Oncard Synerhonous Clock Distribution e ; 

vie Tranamission Line € ‘ 

1. Use the NOR output in developing clock S noe eo < . f 

in the chain. 

2. Use belenced fenouts on the cock drivers. } 
ee can he — - rovile he FIGURE 29 — USE OF WIRE-OR AND 

vive lines on ace OF one drive line wit 

pice thela foals COMPLEMENTARY OUTPUTS 
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@ ABORTS TEST 


1 HALT ON ERROR | eae | f ie 

2 PRINT CYCLE COUNT SS00 tesK suotrtehes 
3 LOOP ON TEST 

A, 5s 6+ SELECT TEST 


6 @ @ => TESTS 1 THRU 4 

@8 1 => TEST 1! DISCRETE CONTROLLER TESTS 
@ 1 @ => TEST @ DIAGNOSTIC MODE 

@ 1 1 => TEST 3 SIZE/WRITE PROTECT 

1 @ @ => TEST 4 DATA TRANSFER CSECTOR) 

1 @ 1 => TEST S DATA TRANSFER (SUB SECTOR) 
1 1 @ => TESTS Ils 2 AND 4 

1 161 => TESTS 2@ AND 4 

7 READ ONLY 
& WRITE ONLY 

9 INHIBIT DATA ERROR PRINT 


1@ INHIBIT STATUS ERROR PRINT 
11 INHIBIT END GF TEST PRINT 

l2 TWO READS PER WRITE INHIBIT 
13. 14 15 SELECT DATA PATTERN 


@ g @ => ALL PATTERNS 

4) %y 1 => KANDOM 

"4 l @ => INCREMENTING 

@ l | => TRACK/SECTOR ID 
l g @ => WORST CASE 

i @ 1 => ONES 

1 ] @ => ZEROES 

i i 1 => SELECTABLE 


SET DATA SWITCHES ~ CONTINUE 


